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Abstract

The Langley 16-Foot Transonic Tunnel is a closed-circuit single-return atmo-
spheric wind tunnel that has a slotted octagonal test section with continuous air
exchange. The wind tunnel speed can be varied continuously over a Mach number
range from 0.1 to 1.3. Test-section plenum suction is used for speeds above a Mach
number of 1.05. Over a period of some 40 years, the wind tunnel has undergone many
modifications. During the modifications completed in 1990, a new model support
system that increased blockage, new fan blades, a catcher screen for the first set of
turning vanes, and process controllers for tunnel speed, model attitude, and jet flow
for powered models were installed. This report presents a complete description of
the Langley 16-Foot Transonic Tunnel and auxiliary equipment, the calibration
procedures, and the results of the 1977 and the 1990 wind tunnel calibration with
test-section air removal. Comparisons with previous calibrations showed that the
modifications made to the wind tunnel had little or no effect on the aerodynamic char-
acteristics of the tunnel. Information required for planning experimental investiga-
tions and the use of test hardware and model support systems is also provided.

Introduction The need for increased air speed capability led to a
) ) major redesign of the original tunnel over a period of

~ The Langley 16-Foot Transonic Tunnel is a closed- several years prior to 1950. During this time, the NACA
circuit single-return atmospheric wind tunnel that has a developed the slotted-wall transonic test section (refs. 3
slotted transonic test section with a Mach number rangegng 4), which was selected for the revised tunnel. Major
from 0.1 to 1.3. Test-section plenum suction is used forreyisions in the modification consisted of an octagonal
speeds above a Mach number of 1.05. The facility is used|otted transonic test section, a 60 000-hp drive system
primarily for internal (inlet and nozzle) and external wjith two counterrotating fans, a new control room, air
aerodynamic studies of the propulsion airframe integra-fijters in the air exchange system, and acoustical treat-
tion characteristics of all types of flight vehicles in the ments. The repowered facility, designated the Langley

subsonic and transonic ranges. Because the configurationg-Foot Transonic Tunnel, was placed in operation on
of the present wind tunnel is the result of several majorpecember 6, 1950 and is shown in figure 2.

revisions, a brief description of the revisions is presented.
A description of the wind tunnel and its calibration
The original wind tunnel was designed and built to a maximum Mach number of 1.08 is presented in
during the expansion period of the National Advisory reference 5. The modified tunnel was redesigned to study
Committee for Aeronautics (NACA) prior to World propeller aerodynamics at supersonic speeds (ref. 6) and
War Il and was put into operation in November 1941 as jet effects on aircraft performance. A propulsion simula-
the Langley 16-foot high-speed tunnel. An exterior view, tion system that used a hydrogen peroxide monopropel-
taken in 1948, of the facility is shown in figure 1(a), and |ant system (ref. 7) was developed and utilized
an artist sketch is shown in figure 1(b). This wind tunnel extensively until about 1965. This system was then
had a closed, circular test section that was 16 ft in diamereplaced with one that uses high-pressure air.
ter with a maximum test section Mach number of 0.71. ] )
Power was provided by two 8000-hp electric motors After repowering of th.e tunnel in 1950, the need for
mounted in the return passage. The drive motors were? further increase in maximum speed became apparent.
directly coupled to counterrotating fans operating in tan- For the Mach number range from 1.03 to 1.10, shock
dem at the extremities of the motor nacelle. The wind Waves were generated at the nose of a model and
tunnel was cooled by air exchange. The control room 'eflected from the test-section walls back to the model
was located in the test-section plenum and was operate@nd frequently resulted in force measurements, espe-
at test-section pressure. C|aIIy_ Qrag, whlch_v_vere not re_presentatlve of free-_fllght
conditions. In addition, the rapid development of aircraft
The facility was designed and used primarily for air- and missiles with supersonic speed capability and the
craft engine cooling and cowling tests and for investiga- necessity for aircraft, reentry vehicles, and spacecraft to
tion of the aerodynamic characteristics of full-scale negotiate the transonic speed regime emphasized the
propellers, as typified by the work of references 1 and 2.importance of experimental aerodynamic research at
No description and calibration report was prepared for transonic speeds. Design studies, such as that reported in
the original wind tunnel. reference 8, indicated that test-section air removal was



the most economical method for extending the test-dpr/dx

section air speed to a low supersonic value. H

A revision of the Langley 16-Foot Transonic Tunnel M
added a compressor driven by a 36 000 hp motor. Thi
compressor is capable of removing about 4.5 percent of !
the tunnel mass flow from the test section and surround-
ing plenum and exhausting it to the atmosphere. The
wind tunnel with this test-section air removal system was M,
placed in operation on March 9, 1961 and a maximum
test-section Mach number slightly greater than 1.30 was
achieved. The calibration of the facility with air removal N
was initially conducted from March to June of 1961.
During this time, slot shape 26 was developed from slot
shape 18. Further refinements to slot shape 26 were madBsh
in 1963 and 1965 that resulted in slot shape 29, which isp
the current slot configuration. The results of these three
calibrations are in reference 9. P

A major rehabilitation of the facility occurred in p,
1977 in which new fan blades, tunnel controls, and
associated control room equipment were installed. In™t
addition, an on-site data acquisition and a computer sysd
tem were installed. Following this rehabilitation, a R
calibration of the wind tunnel was performed in October
of 1977, which essentially repeated the results of theRe
1965 calibration. Ret

From mid-1989 to 1990, several significant modifi- R

cations that could affect the test-section flow characteris-
tics were made to the 16-Foot Transonic Tunnel. Theses,,
modifications included installation of a new model T
support system with increased blockage, new fan blades,l_a
and a catcher screen installed on the first set of turning dp
vanes. In addition, a new data acquisition system, a com-T,
puter system, and process controllers to control tunneIUw
speed, model attitude, and jet flow for powered models ..
were added. Following this addition, the wind tunnel was 4
again calibrated in the fall of 1990.

This report presents a complete description of thevp
Langley 16-Foot Transonic Tunnel (from ref. 9), its aux- *
iliary equipment, a description of the calibration proce- y
dures, and the results of the 1977 and 1990 wind tunnel
calibrations with test-section air removal. Comparisons
are made with the previous calibrations to provide a’wal

sense of continuity with respect to the aerodynamic per-%probe

formance of the wind tunnel. In addition, information

required for planning experimental investigations and the o,
use of test hardware and model support systems isI3
provided. S

ACp
Symbols

Y
d equivalent diameter, ft
€a d _ Offat
dM/dx  Mach number gradient, per foot

2

probe

pressure ratio gradient, per foot
equivalent pressure altitude, ft
Mach number

test-section Mach number from least-squares
fit of centerline Mach number data from left
side of centerline tube

test-section Mach number from least-squares
fit of centerline Mach number data from right
side of centerline tube

motor rotational speed, rpm
motor power, MW

motor shaft power, hp
static pressure, psi

rms value of fluctuating component of static
pressure, psi

ambient pressure, psi

stagnation pressure, psi

dynamic pressure, psi

gas constant; for air, 17169&e®)/°R
Reynolds number, per foot
transition Reynolds number

fraction of radial distance from tunnel
centerline to slot centerline

slot half-width, in.

ambient temperaturéf-
dew point,°F

stagnation temperaturd;
free-stream velocity, ft/sec

rms longitudinal velocity component of local
flow, ft/sec

10-ft valve position, percent open
axial distance, ft

survey probe distance from centerline in
vertical direction, ft

distance measured from tunnel wall, in.

survey probe distance from centerline in
lateral direction, ft

upflow angle, deg
sideflow angle, deg

fluctuating-pressure coefficient,
(/P)q,, percent
ratio of specific heats; 1.4 for air

test-section wall divergence angle with respect
to tunnel centerline, min



(0} survey rake roll angle, deg

20 standard deviation of Mach number

Omax maximum deviation of Mach number

Subscripts:

ave average of Mach numbers measured at right
and left sides of centerline tube

bl boundary layer

c corrected

cal calculated

comp compressor motor
I parameters measured on left side of centerline

tube
lo local
ml main drive motor 1
m2 main drive motor 2

probe flow-angularity probe

r parameters measured on right side of
centerline tube

tank measured in test-section plenum

tot total

wit power input from two main drive motors
0 free stream

Abbreviations:

AMES  Ames Research Center

AEDC  Arnold Engineering and Development Center
CTSL calibrated test-section length

ESP electronically scanned pressure system

FM frequency modulation

LaRC Langley Research Center

MPA model preparation area

NACA National Advisory Committee for Aeronautics

NASA  National Aeronautics and Space
Administration

rms root mean square

SRB shock reflection body

TS tunnel station, ft

4T 4-foot transonic tunnel at AEDC

8-ft TPT The Langley 8-Foot Transonic Pressure
Tunnel

11TWT 11-foot transonic tunnel at AMES
16-ft TT The Langley 16-Foot Transonic Tunnel

16T 16-Foot Transonic Tunnel at AEDC

Wind Tunnel Description and Support
Equipment

General Arrangement and Aerodynamic
Characteristics

The Langley 16-Foot Transonic Tunnel is a single-
return atmospheric wind tunnel with a slotted transonic
test section. An exterior view of the facility is shown in
figure 2(a) and a phantom view (without air removal
equipment) in figure 2(b). The major components of the
wind tunnel are presented in the schematic diagram in
figure 3. Starting at TS 0, these components are the
guiescent chamber, entrance cone, test section, diffuser,
power section, return passage, and air exchange section.
The maximum inside diameter of the quiescent chamber
of the tunnel is 58.0 ft and the length of the tunnel circuit
along the centerline is 930 ft. (Note that TS 0 =
TS 930.00.) The test section is a regular octagonal cylin-
der with a cross-sectional area slightly less than that of a
16-ft circle. The top half of the entire test section is
removable. Four sets of turning vanes are located at the
90° elbows in the tube. The tunnel has three screens; one
is in the air exchange section, another is in the quiescent
chamber, and one is on the first set of turning vanes. The
test-section air removal equipment is located outside the
tunnel between the diffuser and the return passage. The
axial locations and the dimensions of the major compo-
nents of the wind tunnel are given in table 1.

The variation of test-section airstream aerodynamic
parameters, which include Reynolds number per unit
length, air stagnation temperature, static pressure,
dynamic pressure, and equivalent pressure altitude with
Mach number is presented in figure 4.

Quiescent Chamber and Entrance Cone

A photograph of the quiescent chamber from the
end of the entrance cone is shown in figure 5. The
dimensions of these two components provide a contrac-
tion ratio of 13.3:1 from the large end of the wind tunnel
to the test section. At test-section Mach numbers above
1.0, the average air speed in the quiescent chamber is
54 ft/sec. This low velocity region downstream of the
antiturbulence screen permits further decay of residual
turbulence prior to acceleration of the airstream through
the entrance cone and into the test section. The entrance
cone incorporates a transition from circular to octagonal
cross sections and includes a slowly converging entrance
liner that terminates at the upstream end of the test
section.



Test Section sured as the angle between the tunnel centerline and the
rigid portion of the wall from TS 114.00 to TS 138.00.

General description.A schematic arrangement of The bending that occurs between TS 138.00 and
the test section with the centerline calibration tube TS 140.00 and the upstream portion of the diffuser starts
installed is presented in figure 6. Views of the test sec-at an angle of 2.75to the tunnel centerline. As diver-
tion with research models are shown in the photographsggence increases, the wall bending between TS 138.00
of figure 7. Figure 7(a) is a view looking forward to the and TS 140.00 decreases and the divergence angle of the
quiescent chamber, while figure 7(b) is a view looking diffuser entrance decreases. Actuation is provided for a
aft toward the diffuser. A view looking down with the maximum angular divergence of4%.
top half of the test section removed is shown in
figure 7(c). The geometric throat of the test section is Transonic slots. The test-section transonic slots,
located at TS 107.00. The cross section of the throat is avhich are located at the intersections of the wall flats, are
closed regular octagon with an area of 199.¥5The eight longitudinal openings that are generally parallel to
test section and diffuser entrance, which are the portionghe tunnel centerline. These slots provide vents between
of the wind tunnel that have variable geometry, extendthe test-section airstream and the plenum that surrounds
from TS 107.00 to TS 154.00, as indicated in figure 6. the test section. The slot width or opening is nominally
These sections, which are also octagonal but opened aiero between TS 107.00 and TS 107.50. Each slot starts
the corners (slots), have cross-sectional areas that vargt TS 107.50 and extends to TS 154.00, but is closed by
with test-section wall divergence. The feature that givesthe diffuser entrance vanes between TS 141.40 and
the wind tunnel transonic capability is the venting of the TS 154.00. Some structural details of the wall flats and
test section to the plenum. In this tunnel, the vents arethe slots are shown by the sectional views of figures 6
eight longitudinal slots that are located at the intersec-and 8(a). The slots are shown in the photographs in fig-
tions of the wall flats and provide a 3.9-percent openure 7. The planform of slot shape 29 is given in
periphery. The plenum is a sealed tank 32 ft in diameter figure 8(b). A discussion of slot shape development is
which encloses the test section and the diffuser entrancepresented in the section entitled “Slot Shape Studies.”

Test-section wallsThe test-section wall is made up Longitudinally, the major portion of each wall is
of eight longitudinal flats symmetrically located about made of a single steel plate that extends from TS 107.00
the tunnel centerline. For convenience, the flats are num0 TS 154.00. In cross section, however, the construction

bered in clockwise order for a viewer looking upstream IS composite. Each edge of a flat is trimmed with a strip
with number 1 on the lower left as shown in figure 6. that carries a skirt that is 24 in. wide normal to the plane
The surface of each flat is a continuous machined steepf the flat (fig. 8(a)). The adjacent skirts form a channel
plate that is located from TS 107.00 to TS 154.00 with awith walls mutually inclined at 45that is completely
width of 66.50 in. As seen in figure 8(a), long metal open to the plenum. At the test-section wall, the edges of
strips are attached to the sides of each of the flats to fornthese skirts form a basic rectangular slot with a half
the longitudinal slots. The steel plates that form the wallsWidth of 5.207 in. The actual slot shape is determined by
are attached rigidly to the tunnel structure betweenthe contour of the slot edge strip, which is effectively an
TS 107.00 and TS 110.00. Each flat is rigidly supported €xtension of the flat in width, as shown in figure 8(a).
by a main truss and strongback between TS 114.00 and he slot half widths (table 2) are measured in the plane
TS 138.00 and by a second truss and strongback betwee®f the flat surface from the edge of the flat to a line nor-
TS 140.00 and TS 154.00. (See figs. 7(c) and 8.) Themal to the intersection of two adjacent flats when the
combination of the machined steel plates and truss andvall divergence angle is zero.

strongback structural system was chosen to keep the

tunnel walls as flat as possible. The trusses are attached Diffuser entrance vanesThe purpose of the dif-

to the tunnel structure by flexure plates at TS 112.00 andfuser entrance vanes and lips is to reintroduce the low
TS 154.00 and are jointly supported at TS 138.00 by anenergy axial flow that exists in the plenum adjacent to
actuator that provides radial motion with respect to the and at the downstream end of the slots into the tunnel air-
tunnel centerline. These plates have flexural regions censtream. The diffuser entrance vanes and lips shown in
tered at TS 112.00 and TS 139.00 and a sliding joint atfigure 9 are integral. They are adjustable as a unit to form
TS 154.00, where a sealed transverse gap varies witta part of the tunnel wall that closes the openings between
wall divergence. The eight wall divergence actuators arethe plenum and the airstream in the region where the
interconnected and are driven by a single electric motor.downstream end of the slots would otherwise extend into
When the test-section walls are diverged, bending takeghe diffuser. The slot width increases abruptly just ahead
place between TS 110.00 and TS 114.00 and betweenf the diffuser near TS 140.00, so that in plan view, the
TS 138.00 and TS 140.00. Wall divergence angle is mealeading edge of the diffuser entrance lip at TS 141.40 is
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16 in. wide. The vane width increases linearly with dis- test-section plenum behind a window made of BK-7

tance downstream to a value of 21 in. at TS 154.00. In(borosilicate crown glass) in flat 2. However, when the

the longitudinal section, the vanes are flat betweenlaser velocimeter is not in use, this window is replaced
TS 143.00 and TS 154.00, and the lips are deflectéd 20 by a steel plate. A window 1.5 ft long and 1 ft wide is

away from the tunnel centerline between TS 141.40 andiocated in the ceiling (flat 4) at TS 136.00 and is used for
TS 143.00 to form scoops that extend into the plenum.observation and recording of flow patterns on a model
The diffuser entrance with vanes and lips installed isthat are defined by tufts, oil, dyes, or pressure-sensitive
shown in figure 7(c) and figure 9. The vanes are hingedpaint.

at TS 153.33 to permit angular motion in a radial plane
with respect to the tunnel centerline. Each vane is indi-
vidually supported by an adjustable strut that connects
the underside of the vane to the plenum wall near
TS 144.00. When the flats are diverged, the approxi-
mately parallel walls of the channel in which the diffuser
entrance vanes are installed separate laterally and there
create a channel of greater width. The sealing of the van

- L - 155 ft wide and 52 ft long and extends from
edges is maintained by spring loaded blocks that take u S .
the change in width as the flats are diverged. Vane set—t S 106.00 to tTS. ltﬁS.Ct)O.tThet_Iength”u.ps';:]eam z_av0|d?
ting is specified as depth of the entrance lip leading edgeransversg cuts in the test-section wall in the region o
into the plenum and is measured from and normal to the>upersonic ﬂ.OW' A view Of the test section with the upper
plane of the flat surface at TS 141.40. (See fig. 9.) Seal-hatCh open is shown in figure 7(c). Quick access walk-
ing the vane edges and rear at TS 154.00 was found t hrough hatches are located as follows: one in the floor of
reduce tunnel power (ref. 9) ' he tunnel wall downstream of the plenum at TS 163.00,

e which leads to the test section and one on each side of the
plenum, which leads to the region surrounding the test

section.

The model installation hatch for this wind tunnel was
made unusually large to permit free use of the hoist
required for handling heavy models. The upper 3/8 of the
plenum together with the upper three flats (flats 3, 4,
and 5) can be raised as a unit and stowed overhead to

ermit free movement of a 15 ton traveling hoist over the
lg/ntire control room and test-section area. The open hatch

Overview of main model support systeffihe main
model support system that is used in the wind tunnel is
shown in figure 10. The part of the support strut exposed
to the airstream is a cast steel circular-arc segment sur-
mounted by a short straight swept strut. At its upper end  The diffuser extends from the downstream end of the
is the strut head, which is a cylindrical body 113.52 in. test section to the power section and is shown in
long, 21.0 in. in diameter, and it is terminated down- figure 11. Because the diffuser entrance, which begins at
stream by a hemispherical tail cone. At angle of attack of TS 138.00, includes the diffuser entrance vanes, the cross
0°, the strut-head centerline is coincident with the tunnel section of the tunnel in this region has 16 sides and vari-
centerline. The support strut penetrates the tunnel floorable geometry. Downstream of TS 154.00, the diffuser
(flat 8) in the diffuser entrance region through an geometry is fixed except for expansion joints. The dif-
unsealed opening and moves on a circular-arc trackfuser half angle is 6 The diffuser decelerates the air-
within a pressure box that is in the plenum. The supportstream after it passes through the test section, and
system moves in a vertical plane containing the tunnelthereby, converts as much kinetic energy as possible into
centerline with the center of rotation at TS 134.00. The pressure energy.
support system provides an angle-of-attack range from
-9° to 2#. Lateral aerodynamic force tests can be done Power Section and Drive Fans
by remotely rolling the model from90° to 9¢° and tra-
versing the main tunnel support in the vertical plane. General arrangementThe drive end of the wind
Depending on the nature of the investigation, varioustunnel has a constant diameter of 34 ft, and the power
methods are available for mounting models to the modelsection includes two 9Celbows, which incorporate the
support system in the test section. Further details on theirst and the second sets of turning vanes. The major
model support system are presented in the section enticomponents of the tunnel drive end are indicated in fig-
tled “Wind Tunnel Test Capabilities.” ure 3. The two main drive motors, which are housed out-

side the tunnel, are each connected directly to one of the

Windows and access hatchesTwo windows 6 ft drive fans by a 60-ft-long shaft. The drive shafts are
long and 3 ft high are centered at TS 134.00 in wall flatsenclosed in a streamlined fairing between the tunnel wall
2 and 6. (See fig. 6.) In line with these windows are oth- and the fan-hub enclosure. Quick access to the shafts and
ers of equal size in the walls of the plenum. The windowsthe hubs is provided by rail cart through these fairings.
are used primarily for model observation and flow visu- The fan-hub enclosure, which also houses the bearing
alization. A laser velocimeter system is located in the pedestals for both units, has a streamlined shape with a

Diffuser
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maximum diameter of 20 ft near the fan stations. The  Air Exchange Section
leading edge of this enclosure is just downstream of the

first set of turning vanes at TS 354.00. Downstream of
the fans, however, gradual tapering of the afterbody is
required which results in a conical fairing that extends
downstream of the second set of turning vanes. This con
ical fairing, shown in figure 12, has a°98lbow at the
turning vanes to maintain its alignment with the air-
stream and terminates at TS 500.30.

The air exchange section cools the wind tunnel air-
stream and scavenges exhaust gases when operating
engines are under investigation in the test section. All
energy expended through the main drive fans is eventu-
ally converted into heat, which elevates the airstream
temperature. With no cooling of the wind tunnel during
operation at high power, the airstream temperature would
increase rapidly to levels that would exceed °E75

] ) ) ) which is the temperature limit imposed by the wooden
Electric motors.The two main drive electric 34 plades.

motors have wound rotors. Each is rated for continuous
operation at 23 000 hp (17.16 MW) at a rotational speed  In most high-speed wind tunnels, the airstream is
of 340 rpm, for 2 hr of operation at 30000 hp cooled by a water-cooled heat exchanger. An important
(22.38 MW) at 366 rpm, and for 1/2 hr of operation at advantage of this method of cooling is that the wind tun-
34 000 hp (25.36 MW) at 372 rpm. The rotational speednel may be a closed circuit and charged with dry air to
of the motors is controlled by a modified Kramer system, avoid condensation. However, the original Langley
which permits continuous variation of speed from 60 rpm 16-foot high-speed tunnel was designed primarily for
to 372 rpm. A photograph showing one of the motors is investigation of propulsion system effects on airframe
presented in figure 13. aerodynamic characteristics. Investigations of propulsion
system effects (refs. 2 and 11) frequently entail the oper-
Drive fans.The drive fans constitute a two-stage atiqn in the test section of real engines emitting hot and
axial-flow compressor with two sets of counterrotating ©0XIC €xhaust gases that must be scavenged continuously
blades and no stator blades. A photograph of the drivelfom the wind tunnel airstream. The process of cooling
fans and the tunnel interior in this region is shown in fig- PY & exchange allows exhausting a part of the wind tun-
ure 14. The fans are 34.0 ft in diameter less 0.2 in. radiaf€! @irstream that has become heated and may contain
clearance between blade tip and tunnel wall. The fan®XNaust gases. The heated air is replaced with cool
blades are made of laminated sitka spruce with frangible@mbient air.
foam tips. The upstream fan has 25 blades and the down-
stream fan has 26 blades. The blades have Clark Y airfoi*S s
sections and the average solidity of each fan is about 0.84¢

The adiabatic efficien_cy of the fan system _is 96 percent.g s the air exchange exhaust openings in the fore-
The aerodynamic design of the fan blades is based on thSround, which duct the heated boundary-layer air out of

Er(icedur(teﬁ %:/tl”;ed r:n bre_ference _18.bTheﬂ ax;gl SPaC&he wind tunnel circuit and into the exchange tower. Far-
etween the two fan hubs IS occupied by a 1oaling Spin-y, o qownstream, the inner surfaces of the intake louvers

ner S.O-ftllongfarr:d Zr? fft n d:ameter, which fﬁﬁ_fesef‘ts amay be seen, and in the far background are the third set
continuation of the shait enclosure contour. This SPINNET ¢ 1\ ring vanes. The air exchange section is basically a

|s_supported on _bearlng§ housed in th_e ends of the far(‘:onstriction in the return passage with exhaust and intake
drive shafts and is restrained from rotating by four small openings located, respectively, upstream and down-
rods. stream of the constricted cross section. Both exhaust and
intake openings are essentially annular and have 36 seg-

Return Passage ments equipped with adjustable louvers. The intercon-
nected intake louvers are manually adjustable and are

The return passage upstream of the air exchange seaenerally left in an open position. The interconnected
tion is a large conical diffuser and downstream, a cylin- exhaust louvers are mechanically actuated, and heated air

der (fig. 3). Dimensions of these components are given inexhaust is quickly adjusted during a test for partial con-
table 1. The return passage primarily ducts reenergizedrol of airstream stagnation temperature. Air exchange
air from the power section through the air exchange sec-can be varied between 5 and 20 percent of the tunnel
tion back to the quiescent chamber. Air velocities mass flow. When test-section air is removed, the air
throughout the return passage are too low to yield muchexchange intake mass flow exceeds the exhaust by the
pressure recovery in the diffuser portion of the return amount being removed from the test-section plenum. The

The air exchange section that performs this function
hown in figures 1(b) and 2(b). A photograph looking
wnstream from inside the return passage (fig. 15)

passage. The cylindrical portion has two® 3bows, air exchange section is housed in a rectangular tower
which incorporate the third and fourth sets of turning with baffles that duct the heated exhaust out of the top of
vanes. the tower while cool air is taken in at the sides near the
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top. Dust is removed from the intake air by filters. In supersonic flow on the curved wall between test section
both intake and exhaust, acoustic baffles are used tand diffuser, it was found that low supersonic speeds

attenuate noise. could be established in the test section. The low static
pressure in the vicinity of the diffuser entrance is trans-
Screens mitted through the slots at their downstream end and into

o _ the plenum. Thus, a low static pressure corresponding to
The circuit of the 16-Foot Transonic Tunnel has 3 supersonic speed is established in the plenum. Because
three screens. Two antiturbulence screens each comyjr in the plenum is relatively stagnant, the low pressure
posed of a single layer of square mesh woven wire, arqn the plenum is exerted directly through the slots and the
installed in the tunnel. One screen is installed in the airtest_section boundary |ayer to the test-section airstream
exchange section at TS 747.20 and the other is in the quiglong the full length of the slots. The result is an expan-
escent chamber at TS 2.30 (fig. 3). In addition to reduc-sjon of a portion of the test-section airstream through the
ing turbulence, the screen in the air exchange section als@|ots into the plenum and, when airstream velocity is
increases the effectiveness of the air exchange by creaispnic at the upstream end of the test section, supersonic
ing a slight pressure drop between exhaust and intake. Apeeds are established throughout the length of the test
catcher screen was installed at the first set of turningsection. The air that flows from the test section into the
vanes in 1990 and is shown in figure 16. The purpose ofplenum loses most of its kinetic energy in the process.
this screen is to stop most of the debris that may occunyith no test-section air removal, this low energy air is
due to failures and prevent it from striking the fan blades. reintroduced into the tunnel airstream at the diffuser
The dimensions and characteristics of the screens ar@ntrance and causes further energy loss by reducing the
shown in the following table. effectiveness of the diffuser. In this case, the tunnel main
drive is required to overcome the energy losses in the test

Air ; L .

Screen Quiescent exchange Catcher section because of slot mixing and a terminal shock, as
characteristic chamber| section | screen well as increased diffuser losses, friction, and turbulence
Axial station. Tt >3 7272 13291 losses in the r_emalnder of the Wln_d tunnel. Thus,_W|thout
: test-section air removal, the maximum supersonic speed
Diameter, ft =8.0 °6.0 ]340 in a slotted or vented test section is limited by the power

Wire diameter, in. 0.054 0.080 | 0.105 of the tunnel main drive. Without air removal, the maxi-
Wire centerline spacing, if  0.167 0.444 | 1.000 mum Mach number in the 16-Foot Transonic Tunnel was

Solidity, in. 0.560 0.325 0.190 1.08.

Pressure losg/q units 2.500 0.650 | 0.370 For test-section air removal, the compressor is sized

to pump stagnant air from the plenum and exhaust it to
the atmosphere. The pressure difference and compressor
mass flow are determined by the test-section Mach num-
Arrangement and functionThe general arrange- ber an_d_air state. The compressor pumping re.dire_cts_ the
ment of the test-section air removal equipment with slot mixing losses and some o_f t_he tunnel skin-friction
respect to the wind tunnel is shown in figures 2, 3, and!0SS because boundary-layer air is removed. The tunnel
17. The air removal system consists of a large motor-main drive, which is aided by this quasi-boundary-layer

driven axial-flow compressor that removes low energy control is only required to overcome the normal friction
air (up to 4.5 percent of test-section mass flow) from the and turbulence losses of the wind tunnel and the test-

plenum surrounding the test section and discharges thi§ection terminal shock. Therefore, in a slotted wind
air to the atmosphere. tunnel test section, less total power is required to achieve

a specified low supersonic speed when power is applied

Test-section air removal is used to obtain low super- partly in the main drive and partly in the test-section air
sonic speeds in a transonic wind tunnel. As indicated inremoval system than when all the power is applied
reference 3, properly sized longitudinal slots in a test- through the main drive. For example, to achieve a Mach
section wall and the plenum around the test section serveaumber of 1.3 without an air removal system, the instal-
to reduce or eliminate solid blockage of a model, andlation of two new 60 000 hp drive motors would be
thereby, permit tests of the model at sonic speed withoutrequired for the compressor. The current air removal sys-
choking the airstream at the station of model maximumtem only needs a 35 000 hp drive motor for the compres-
cross-sectional area. By application of sufficient tunnel sor. Therefore, a Mach number of 1.3 is achieved in the
drive power and by providing a sufficiently low static wind tunnel with an expenditure of 113 000 hp rather
pressure at the diffuser entrance in relation to the localthan 120 000 hp.

Air Removal System



CompressarThe air removal compressor is a nine- tion. During operation of the wind tunnel at near maxi-

stage axial-flow compressor rated as follows: mum air speed, the surge control valve remains closed.
An additional remotely operated 4-ft-diameter relief
Total-pressure ratio.........cccceeeveeennee. 3.33 valve is provided for emergency control.
Inlet volume flow........... 956 000*fmin The flow of air from the test section to the compres-
Rotational Speed............coo.o..... 2290 rpm sor is controlled by a 10-ft-diameter hydraulically actu-
_ ated butterfly valve located in the air removal duct just
Inlet pressure............ccooevinn 4.7 psia outside the test-section plenum, as indicated in figure 17.
Inlet temperature ............occveveeen.. 120 This valve can be controlled either automatically to
maintain preselected values of compressor pressure ratio
Power ... 36 000 hp (27 MW) as a function of rotational speed, or manually to maintain
Mass flow........cccceeveueeenee. 11.65 slug/sec compressor inlet suction pressure at any value less than

that established by the surge control.

The compressor is shown in figure 18(a) and the Wind Tunnel Support Areas

compressor blades are shown in figure 18(b). The normal

operating range is between 80 and 100 percent of rated Control room.The_ control room 1S I_ocated on the_
speed. second floor of the wind tunnel building in an area that is

behind and below flat 6 of the test section. All functions
associated with a test, such as tunnel air speed, model

wound rotor induction motor through a gear box. The attitude, and compressed air for propulsion tests are con-

drive and pinion gears have 328 and 79 teeth respec;rolled from this room. A schematic of the control room
tively. These gears have a ratio of compressor to motor 100" plan is presented in figu're 19(a) apd a photograph
speed of approximately 4.15. The motor rating is of the current control room is shown in figure 19(b).

36 000 hp (27 MW) at 552 rpm. Speed is controlled by aDepe;nding on thg test, three or four operators are
slip regulator that incorporates a brine tank rheostat. required for operation. All the computer systems neces-
sary for tunnel operation, data acquisition, and off-line
Valves and controlsThe compressor inlet consists dat& processing are also located within this room.
of a dual-passage manifold with protective screens and
bell mouth. The manifold air passages consist of a central ~Model preparation area. The model preparation
pipe with a 12-ft diameter that leads from the test-sectionarea (MPA) allows pretest buildup and complete calibra-
plenum and is surrounded by the wall of the manifold, tion of propulsion models. The MPA consists of two
which has an 18-ft diameter that forms an annular pas-00ms, which comprise a calibration bay area with a
sage as indicated in figure 17. The annular passage als0.75-ft-high ceiling (fig. 20(b)) and a control room
receives the air taken in through the surge control valve(fig. 20(a)). The area is completely enclosed, and thus,
and distributes this air to the compressor. The dual-Provides physical security for most test requirements.
passage manifold was arranged to minimize the generalhe MPA is located within the wind tunnel building
tion of turbulence when flows from separate sources mixunderneath the wind tunnel at about TS 80.00.
ahead of the compressor inlet.

Electric motor. The compressor is driven by a

A model support system, which can be seen in

The surge control valve, which is located on top of figure 20(b), has an attachment station that is identical to
the compressor inlet manifold, is a hydraulically actu- that of the wind tunnel at TS 141.94 and accepts standard
ated butterfly valve with a 4-ft diameter. Because surgemodel mounting systems. (See “Main Model Support
pressure ratio varies with rotational speed, the electronicSystem” section.) A pitch drive system allows for® 5
component of the control accepts feedback signals from aof movement. Roll angle is provided by a manual system.
compressor drive tachometer and a pressure transducddual 1800 psi air supply systems can provide two inde-
in the inlet manifold. These signals are combined pendently controlled 15 Ib/sec flows to the model. The
through a servo that maintains the surge control valvejet exhausts to atmosphere through a vent aft of the test
position. The valve position is maintained at compressorapparatus. Duplicate instrumentation, data acquisition,
rotational speeds from 80 to 100 percent of rated speed tand data reduction provide the same capabilities for the
ensure a safe margin between maximum operating andnodel preperation area as provided for the 16-Foot Tran-
surge pressure ratios. To prevent surging at speeds belowonic Tunnel. The MPA computer and the data acquisi-
80 percent of rated speed, an overriding or surge limittion system are located in the control room of the tunnel
control causes the valve to move to the full open posi-as indicated in figure 19(a).

8



Measurements and Instrumentation The survey tube was originally instrumented with

54 static-pressure orifices that had 0.020-in. diameters.
The orifices are located from TS 100.25 to TS 140.00
and spaced 9.0 in. apart. These orifices lie on the left side

The two wind tunnel reference pressures are the air-Of the tube surface (looking upstreamj 8@m the verti-
stream stagnation pressure and the plenum static prestal plane that contains the tube axis. This location mini-
sure. Airstream stagnation pressure is measured by foufizes the effects of tube curvature on the tube surface
shielded total-pressure probes mounted on a cruciformpressures. Prior to the 1977 calibration, an additional
support as shown in figure 21. Also visible in this photo- 37 Static-pressure orifices were mgtalled on the right side
graph is the antiturbulence screen in the quiescent chamof the centerline tube. These orifices are located from

ber. The probes are located 2.0 ft downstream of thelS 129.00 to TS 140.00 and have 6.00 in. spacing from
antiturbulence screen at TS 4.30 and each is 1.5 ft from!S 129.00 to TS 131.00 and TS 138.00 to TS 140.00.

the tunnel centerline. The plenum static-pressure The spacing between orifices is 3.00 in. from TS 131.00
(referred to as tank pressure) orifices located atto TS 138.00. The axial locations of the orifices on both

TS 110.50 in the plenum wall behind flats 2, 6, and 8, arethe right and the left sides of the survey tube are given in
completely open to the plenum interior, but are protectedtable 4. All static pressures on bo;h sides of the centerline
from air gusts by adjacent tunnel structure. Both stagna-tube are measured with electronically scanning pressure
tion and tank (plenum) pressures are measured withdevices, which acquire data in less than 0.1 sec (accuracy
Ruska model 6010 digital pressure gages, which have &iven in table 3). In addition, static pressures from
fused-quartz bourdon tube transducer with a digital read-TS 129.00 to TS 140.00 on the right side and pressures
out. Another set of Ruska model 6010 pressure gages arBom TS 129.50 to TS 137.50 on the left side are also
used as a backup system. The accuracy quoted by th@easqred with individual pressure transducers (accuracy
manufacturer for the gages is given in table 3. given in table 3).

Wind Tunnel Reference Measurements

Airstream stagnation temperature is measured withWall Static Pressures
platinum resistance temperature probes located on the
fourth set of turning vanes at four points near the tunnel
centerline. Dew point is measured with a condensation
mirror dew point indicator that continuously samples air

Static-pressure orifices are also provided on the test-
section wall flat 1, as shown in figure 6. The orifices lie
6 in. above the centerline of flat 1. The orifices have

from the quiescent chamber of the wind tunnel. The 0.020-in. diameters with centers spaced 6 in. apart axi-

indicator is located on the fourth set of turning vanes near]f’_IIIy from Ti 9.5'50r;[° ;-fo 153'50;|_;h:;52506’¥) of th;:tic ori-. |
the centerline of the tunnel. The mirror temperature (dew ices extends Into the altuser to LU and has axia

point) is measured with a platinum resistance thermome—SpaCingS of 2 ft, 6 ft, and 12 ft. The axial locations of the

ter. The accuracy quoted by the manufacturer for the?rg:cej gn EZI(I:) :ﬁSt'SeITt'OndVﬁ" ?;}? dlffustert.are given in

platinum resistance thermometers is given in table 3. able 4(b). € wall and the ditfuser static pressures
are measured with electronically scanning pressure

) ) devices.

Centerline Tube Static Pressures

Test-section steady state conditions during the cali- Boundary-Layer Pressures

bration of the wind tunnel are primarily determined by a Boundary-layer pressures are determined with a
centerline survey tube shown in figures 3, 6, and 22.14-probe total-pressure rake as shown in figure 23. This
This tube has a 4-in. diameter and extends from TS 74.5Qake was located on flat 7 at TS 133.00. These pressures
in the entrance cone to TS 141.50 at the downstream endre measured with individual pressure transducers.

of the test section where it is fastened into the strut head

shown in figures 6 and 22(a). The upstream end of the  Flow Field Survey Measurements

centerline survey tube is supported by eight cables that

are anchored to the tunnel shell and exert both tension  Survey rakeFlow field survey measurements were
and bending on the tube (fig. 22(b)). In the vicinity of the made with either flow-angularity or fluctuating-pressure
supporting cables, airstream Mach number never exceedprobes located along the leading edge of a survey rake
about 0.35. Deflection of the tube under its own weight as shown in figure 24(a). The survey rake was mounted
results in an angle between the tube axis and the tunnebn an offset sting, which allowed the rake to be posi-
centerline that does not exceed Maximum deflection  tioned at selected tunnel stations. The sting was mounted
of the tube occurs at about TS 112.00. Betweenon the main tunnel strut head, which provided the capa-
TS 127.00 and TS 138.00, the tube incidence angle ishility to roll the rake assembly with the strut-head roll
less than 0.1 mechanism. A photograph of the survey rake with
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flow-angularity probes installed in the 16-Foot Transonic block diagram of the hot wire data acquisition system is
Tunnel is shown in figure 24(b). The tests to determine presented in figure 25(c).

test-section flow angularity and pressure fluctuation

characteristics were conducted during 1991. Data Acquisition System

All data were digitized and then recorded simulta-

Flow angle measurement§low angle measure-  neously on magnetic tape. Approximately 50 frames of
ments were made with five-hole pyramid-head flow- gata at a rate of 10 frames per sec were taken for each
angularity probes. The five probes were equally spacedjata point; average values were used in data reduction
at 14-in. intervals on the survey rake, which provides acomputations. In addition to the aforementioned pressure
maximum survey radius of 28 in. about the tunnel center-anq temperature measurements, flat divergence angle, all

line. A sketch of an individual probe is shown in mgotor rotational speeds and powers, and valve positions
figure 24(c). Each probe was instrumented with four \yere also recorded.

static orifices, one on each face of the pyramidal tip, and
a total-pressure orifice at the probe apex. Individual pres-Tast-Section Development and Calibration
sure transducers were used to measure the probe statj rocedure

pressures, the pressure difference between opposin

pressure orifices, and the probe stagnation pressure. i

Two orthogonal flow angles were measured with each ~ S!0t Shape Studies

probe; the flow angles were proportional to the pressure  The test-section wall and slot configuration have pri-
difference between the opposing pressure taps. Thenmary control of the flow conditions for the test model.
prObeS were calibrated in the wind tunnel. Further detailSBecause of this well recognized fact, considerable study
concerning these measurements and probe calibratiognd effort has been expended in the development of the

techniques are found in reference 12. slot configuration after both the installation of the first
slotted test section in 1950 and the installation of the air
Fluctuating-pressure measurements.Fluctuating- ~ removal system in 1961. After the slot shape was chosen

pressure measurements were made with either static o1 1961, the test-section flow conditions were examined
total fluctuating-pressure (acoustic) probes. Two acous-With respect to the effects of test-section wall divergence
tic static-pressure probes were equally spaced at 28-inangle, tunnel drive power, moisture content in the tunnel
intervals on the survey rake about the tunnel centerline@irstream, model blockage, shock reflection, and several
and provided a maximum survey radius of 28 in. aboutother smaller related effects.

the tunnel centerline. A third acoustic probe was located

on the centerline. A sketch of an individual probe is  Development of slot shape 18/hen the Langley
shown in figure 26(d). A total-pressure probe was 16-foot high-speed tunnel was repowered and converted
located 21 in. below the centerline of the tunnel. Eachfrom a high-speed wind tunnel to a transonic wind tunnel
probe was instrumented with a 5-psid fluctuating- in 1950, the objective of the slot shape development at
pressure probe and was calibrated both in place and oufthat time was to minimize test-section wall interference
side the wind tunnel test section. that was related to model solid blockage near sonic
speeds. The results of slotted-tunnel flow-uniformity
investigations presented in references 4 and 13 indicated
that the slot-entrance planform design was particularly

Turbul ts with hot wi q important to the development of uniform supersonic
. urbulence measurements with not Wires wereé madey, s peference 13 also indicated that large wall diver-
in two locations in the quiescent chamber of the wind

. ence angles apparently exerted a predominate influence
Luenz;etlhgutﬁrr]]%ell?:geﬁ e-{l?neeSangevszllljrjeur:teggsvvr\:vs?:ganrqagf n the development of low supersonic flows and resulted
_~"in flow unsuitable for model tests. Slot shape planform
the turbulence screen at about TS 10.00. A hot wire pe p

hold ted 10-ft.| . f bie th tand wall divergence angle, which were conveniently
older was mounted on a 1J-1t-long piece ot pIpe that 540 y/arigple in the redesigned wind tunnel, were stud-
had a 3-in. diameter. This pipe was suspended by wir

Sed in some detail in reference 5.
ropes and was located 3 ft below the wind tunnel center-

line so it did not interfere with the probes that were used Six slot shape planforms were investigated during
to measure total pressure. This installation is shown inthe initial operation of the tunnel. Slot shapes 1, 9, and 11
figure 25(a). A hot wire was also attached to a 6-ft-long that correspond to and are numbered the same as the
steel pipe that was mounted to the floor of the wind tun- most promising slot shapes tested in reference 13 were
nel as shown in figure 25(b). The two channels of the hotinvestigated. Three additional shapes, arbitrarily num-
wire data were amplified and recorded on FM tape. A bered 16, 17, and 18 were also tested. Planforms of the

Hot Wire Measurements

10



slot shapes that were tried during this calibration are ~ Development of slot shape 28he wind tunnel cali-
shown in figure 26(a). Studies by Wright and Ward bration of 1963 included an abbreviated verification of
(ref. 3) indicated that an open porosity of about 12 per-the performance of slot shape 26, an investigation of slot
cent of the test-section periphery would be near optimumshape 27, and a complete calibration of the wind tunnel
for an eight-slot octagonal test section. The theory ofincorporating slot shape 28. Slot shapes 27 and 28 are the
Goethert (ref. 14) showed, however that¥br= 1.0, the = same as slot shape 26 except at a short region down-
slot width should be about half that indicated by Wright stream from TS 132.00. Slot shape 28 was fabricated pri-
and Ward. Slot shape 18 with a 13.5-percent openmarily with wooden edge strips and, although regarded
periphery was developed from the initial calibration of as temporary, was used until the wind tunnel was cali-
the wind tunnel (ref. 5). Slot shape 18 had a maximumbrated in 1965 with slot shape 29. The coordinates of slot
test-section Mach number with uniform flow of 1.08 and shapes 28 and 29 are identical, however, the slot edge
was in continuous use until the wind tunnel was provided strips for shape 29 are almost entirely of steel. The new
with the test-section air removal system in 1961. designation 29 was given primarily for physical differen-
tiation of these slot edge strips. Planforms of slot

Development of slot shape 2&fter the air remov- shapeg 26 to 2'9' are presented in.figure 26(f). Under all
al system was available, the maximum Mach numberOperating conditions, the most uniform flow in the test
was found to have increased to about 1.3; however, itS€ction was achieved with slot shape 29. This slot shape
was observed that slot shape 18 did not provide a uniJs defin.ed over the upstream t'hird of the slot Iength by an
form flow in the test section at the higher supersonic approx[mately triangular starting section that fawed into
speeds (ref. 9). As a consequence, a program was initid@ relatively narrow slot with a constant width (3.9-
ated to develop a slot shape that would yield the highesP€rcent open periphery) over the downstream two-thirds
feasible test-section Mach number with the largest possi-Of its length. Slot shape 29 has been in use since.
ble test region over the complete Mach number range.

Wind Tunnel Operational Principles and

Before proceeding with the study to develop an Procedures
acceptable slot shape for the test-section Mach number
distribution and tunnel power, investigations were Operational principlesExperience acquired prior to
required to determine the factors essential to the proce1965 in operation of the wind tunnel with test-section air
dures for operating the wind tunnel with test-section air removal had established the techniques for obtaining any
removal. At this stage, no test-section calibration existed;preselected value of Mach number up to 1.30. Speed of
consequently, Mach number was determined directly the main drive fans, compressor speed, plenum valve and
from airstream stagnation pressure and test-section walkurge control valve positions, and approximate values of
static pressure at TS 134.00 without regard to Machtest-section wall divergence angle were known. This
number gradient in the test section. These exploratoryexperience had shown also that moisture content of the
investigations included determining the effects of air airstream did not have a large effect on aerodynamic data
removal on the power balance between the main drive(ref. 15), but did have some effect on the axial static-
motors, on diffuser entrance vane settings, and on dif-pressure gradient in the test section, especially at super-
fuser entrance leakage. (See ref. 9.) In addition, testsonic speeds. Although the gradient does not affect the
were also conducted to determine the effects of airmean value of Mach number in the test section, a static-
removal on test-section wall divergence. pressure gradient can exert horizontal buoyancy on a

model, and thereby, may cause an error in drag measure-

After completion of these exploratory tests, an ment. In the wind tunnel calibration of 1965, some
experimental program was initiated to determine anempirical determination was made of the effect of air
acceptable slot shape and resulted in the development diumidity on static-pressure gradient in the test section
slot shape 26. Planforms of the slot shapes tested in thiand on selection of the proper angle of wall divergence to
time period are presented in figures 26(b) to 26(e).eliminate the gradient. With the advent of an on-site
Details of this program are found in reference 9. The computer and data acquisition system in 1977, it was
wind tunnel incorporating slot shape 26 was operatedpossible to determine the proper wall divergence angle
over a wide range of test-section wall divergence anglesby taking data for several angle settings and observing
at several nominal values of Mach number. For eachwhere a Mach number gradient of zero occurred.
value of Mach number, test-section wall divergence
angle was selected to yield static-pressure gradient of  Operational procedureswith the addition of test-

0 psi. The wind tunnel calibration of 1961 was estab- section air removal, two modes of operation of the wind
lished from these data and continued in use until 1963. tunnel exist.

11



tube and on the test-section wall and diffuser are
expressed as Mach number with the following equation:

ForM < 1.05, the mode of operation is as follows:

1. Setd,, for desiredV.
2. Set fan rpm to obtain desirbt y-1
Op. 0O
ForM = 1.05, the mode of operation is as follows: M = Ll Dpi°D -1
y—1/0P, O

1. SetM = 0.3.

2. ForM = 1.05 to 1.15, set compressor
motor to 475 rpm, or fom > 1.15 set
compressor motor to 552 rpm.

Local Mach numbers measured on the left side of the
centerline survey probe are given in table 6. Local Mach
number and pressure ratios determined on the right side
of the centerline survey probe for selected test points are
listed in tables 7 and 8, respectively. Local Mach num-
bers measured on the test-section wall and diffuser are
given in table 9.

3. Increase fan rpm to 42 MW total power
on main drive motors.

4, Set6fl at

5. Open 10-ft valve to s&f = 1.23. (Valve
will be 100-percent open at M1.23.)

6. ForM > 1.23 with 10-ft valve open
100 percent, increase fan rpm to achieve
desiredM.

for desiredVl and dew point.

Flow-uniformity analysis for standard calibrated
test-section lengthsThe data reduction procedure also
includes an analysis section to determine the flow-
uniformity parameters for calibrated test-section lengths
(CTSL). These parameters are test-section Mach number,
Mach number gradient, and standard and maximum devi-
ations in Mach number. These parameters are determined
for 6-ft and 8-ft CTSL, which represent the majority of

Calibration tests and data presentatiodp through  model lengths tested in the 16-Foot Transonic Tunnel.
1965, all calibration tests of the 16-Foot Transonic Tun- This data reduction procedure is a |east_squares fit of a

nel had a test number of 100. The calibrations of 1977strajght line to values of local Mach number in the test

and 1990 had test numbers of 321 and 432, respectivelysection. The least-squares analysis is performed for both
Designation of test, run, and test point number identifiesthe right and the left sides of the centerline tube from

a unique set of test conditions. A typical calibration run measurements made from the individual pressure trans-
includes all tests performed between the start and thejycers and the electronic scanning units. The tunnel sta-

stop of the main drive motors. A single run may have tion and number of pressure orifices used in analysis for
many values of Mach number and appropriate variationtest-section length is as follows:

of operating parameters at each Mach number. Data wer

Calibration Procedure and Data Analysis

typically acquired by holding Mach number constant and _ Nominal | Numberofstatic
varying test-section wall divergence over a preselected Centerling test section | Tunnel stations] pressure orifices
range of values. For each test point, all pertinent data S_'de length, ft ft used in analysis
such as wind tunnel operating conditions, test-section| Right 6.00 131.00 t0 137.0 24
pressures and temperatures, and wind tunnel air state anl  Right 8.00 129.00 to 137.0 30
humidity were recor_ded smulta_meously. Critical runs [ g 6.00 131.00 10 137.0 9
were repeated to verify repeatability of measurements.

Left 7.50 129.00 to 137.0 11

The results of the 1990 wind tunnel calibration are
presented in tables 5 to 18. Operational characteristics Results of this least-squares analysis for the right
such as flat divergence angle, dew point, free-streamside of the centerline tube from measurements made with
stagnation temperature, motor and compressor rotationathe individual pressure transducers for all the data points
speeds, and 10-ft valve position for selected test pointsselected for the wind tunnel calibration are listed in
are presented in table 5. Also presented in table 5 are théable 12. In this table, the test-section Mach number is
estimated values of corrected power. These values weréhe valueM, of a least-squares straight-line fit to the
derived from measured values minus estimated losses itMach number data over the chosen length of test section
the Kramer drive system (ref. 9) and corrected to stan-at TS 134.00 (midpoint of test section). The sldptdx
dard atmospheric pressure and airstream average stagnéefines the Mach number gradient. The standard devia-
tion temperature. tion of Mach number@ from the straight line of best fit

is a measure of average discrepancy. The maximum

Basic data reductionStatic pressures measured on deviation o, represents the worst departure from the

both the right and the left sides of the centerline surveyline of best fit of a single value of Mach number on the
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centerline within the selected length of test section. Simi- screened to select those falling closest to a Mach number
lar results from the measurements of static-pressuregradient of zero. Fifty-six test points were selected from
ratios are given in table 13. In general, the agreement ofa group of about 160 points. This procedure also estab-
the parameters listed in tables 12 and 13 for 6-ft and 8-flished the wall-divergence-angle settings for subsequent
CTSL is excellent. Mach number gradients for the 6-ft wind tunnel operation.

CTSL for the right side and the left side of the centerline

tube that were determined from measurements made with\/ind Tunnel Aerodynamic Performance
individual transducers and electronic scanning units are

presented in table 14. Here again, very good agreement

Mach Number Characteristics

of the Mach number parameters occurred for the two

measurements made on the right side of the centerline
tube and for the right and left sides of the centerline tube

Alternate calibrated test-section length§he least-

Test sectionMach number distributions measured

‘on the left side of the centerline tube along the tunnel
centerline for the entire test section between TS 100.25
and TS 140.00 are shown in figure 27 and the values of

squares analysis was also performed for a number Ofsca| Mach number are given in table 6. These distribu-
alternate test-section lengths for very long models thatiiqns indicate uniform flow within£0.005 for Mach

are tested at subsonic speeds. This analysis was ma

mber at speeds upig = 1.0 from about TS 112.00 to

with only the measurements from the left side of the cen-1g 137 50 At supersonic speeds, the length of uniform

terline tube with the electronic scanning units. The tunnel

flow that fixes usable test-section length is a function of

station and number of pressure orifices used in analysi§yach number. This length of uniform flow decreases as
for test-section length is as follows:

Nominal Number of static-
Centerling test sectior] Tunnel stations, | pressure orifices
side length, ft ft used in analysis
Left 9.0 128.00 to 137.00 13
Left 10.5 126.50 to 137.00 15
Left 12.0 125.00 to 137.00 17
Left 15.0 122.00 to 137.00 20
Left 18.0 119.50 to 137.00 24
Left 21.0 116.50 to 137.00 27

Mach number increases. Mach number distributions
measured along the right side of the centerline tube are
presented in figure 28. The values of local Mach number
and pressure ratios are tabulated in tables 7 and 8, respec-
tively. Mach numbers for the right and the left sides of
the centerline tube are shown in figure 29. These data
show that the local Mach number on the right side of the
centerline tube is always slightly higher than that of the
left side. This result will be discussed in the “Wind Tun-
nel Calibration” section.

An inspection of the Mach number distributions for
the test-section centerline (figs. 27 and 28) shows that at
supersonic speeds the distributions are uniform to

Results of this least-squares analysis for selectedTS 140.00, but that at high subsonic speeds the individ-
data points on the left side of the centerline tube thatual values of local Mach number decrease progressively
were measured with electronic scanning units are listeddownstream of TS 137.00. This phenomenon was also

in table 15.

Criteria for flow uniformity. The general criteria of

present in previous calibrations and was attributed to
interference from the strut head of the model support sys-
tem (ref. 9). This interference, which does not extend

acceptability that was applied to Mach number distribu- upstream of TS 137.00, is always considered in choosing
tion for the wind tunnel calibration was that the average the axial position of a model in the test section. With the
Mach number gradient be less than about 0.0006 per fooinstallation of the new model support system in 1990, an
and that the standard and the maximum deviations ofadditional concern arose because the new strut head rep-
Mach number from a least-squares straight-line fit be lessresented a 60-percent increase in blockage. To investi-
than 0.005 and 0.010, respectively, for the 6-ft CTSL. gate these effects, a comparison of Mach number
Generally, the differences in Mach number between distributions for the 1990 and the 1965 calibrations is
those determined for the 6-ft and the 8-ft CTSL were lesspresented in figure 30. The apparent effect of the new,
than 0.0005 (table 12). However, a maximum differencelarger strut head is a further decrease in Mach number at

of 0.0069 was noted to occurredMf = 0.905 (run 9,

tunnel stations greater than 137.50 ft. With this excep-

point 5). Generally, the criterion used to select the testtion, this comparison shows excellent repeatability
points to establish the wind tunnel calibration, which are between the two calibrations.
listed in table 12, was a Mach number gradient of zero or

minimum value. Test points obtained over a wide varia-

Test-section wallMach number distributions along

tion in wall divergence angle at each Mach number werethe test-section wall for selected calibration points are
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presented in figure 31. There is generally good agree-calibration of 1990, these two test-section static pres-
ment between the centerline and wall Mach number dis-sures were averaged and this average value was subse-
tributions. Although not shown (because of loss of quently used for correlation with the plenum static
pressure orifices), curvature of the wall between test secpressure. These average static-pressure ratios and Mach
tion and diffuser in the vicinity of station TS 139.00 numbers are also presented in table 14. The values of
causes local Mach number on the wall to exceed that atest-section airstream static pressures and Mach number
the centerline. The curvature in the wall occurs at oneselected for the calibration and the corresponding values
of the flexure points and results from variable wall of plenum pressure and Mach number are compiled in
divergence. table 16 and presented graphically in figure 33. For com-
putational purposes, a ninth-order polynomial curve was
Diffuser. Mach number distributions along the test- used for the correlation of test-section static pressure to
section wall diffuser are presented in figure 32. Mach plenum pressure. The ninth-order curve was necessary
number is computed in the same manner as for the tesfor a good fit of the data between Mach numbers of 0.90
section with airstream total pressure assumed to be theo 1.10. This single calibration defines test-section air-
same as that measured in the quiescent chamber. There ssream Mach number. Deviations of less than 0.005 exist
some loss of total pressure in the diffuser caused by skirbetween the average Mach numiy, . and the Mach
friction and air turbulence at all speeds, and at supersoniciumber calculated from the calibratibfy., for 75 per-
speeds, by shock losses at the downstream end of the tesent of the calibration points. (See table 16.)
section. Most pressure recovery in the diffuser appears to . L I
have been obtained within a length of about 4 test-section The wind tunnel calibration of 1990, the calibration

; 4 ft) f h f th of 1977, and the previously published calit.)rat.ions of
g;a::rggrg?rs (64 ft) from the downstream end of the t65t1965 (ref. 9) and 1951 (ref. 5) are presented in figure 34.

The agreement between these calibrations is excellent
and indicates that the basic calibration was essentially
not effected by changes in the test section such as the slot
The basic calibration technique for the 16-Foot Tran- shape or the new model support strut. The differences
sonic Tunnel is a correlation of the average airstreamnoted are believed to be mainly a result of the accuracy
static pressure measured in the test section with theof the various instrumentation used in each calibration.
centerline tube and the reference static pressure meaFor example, for the 1965 calibration, the wind tunnel
sured in the plenum. This calibration may also be reference pressures were measured with absolute mer-
regarded as a comparison of test-section airstream Macleury manometers with the column height determined by
number with the equivalent plenum Mach number, wherean electromechanical follower. Similarly, centerline
the plenum Mach number is computed from the referencepressures in 1965 were acquired by using electromechan-
pressure measurements. This calibration is essential tgcal stepping valves each attached to an electronic pres-
the normal operation of the wind tunnel, because, whilesure gage. Approximately 1 min was needed to acquire
Miank can be computed whether a model is installed or data with these instruments, and during this time, tunnel
not, MyyeCan only be obtained from pressure measure-conditions can vary slightly.
ments made with the centerline tube installed. Any
pressure probe installed in the test section to measure Test-Section Wall Divergence Angle
free-stream static pressure would most likely cause inter-

ference for the model also installed in the test section.h dRE)emothy contrtolijeq :t[ﬁst-dsec'tlon fvvla;IB(;jlvergence
Note, a model installed near the centerline in the cali- ad been incorporated In the design o as a means

brated region of the test section is assumed to be subt© control the effect of boundary-layer growth on the lon-

jected to the Mach numbers measured by the centerlineg'tuqInal d|str!but|on of Mach ”“mb‘?f- Hoyvever, test-
tube in that same region. section wall divergence was not required prior to the use

of test-section air removal for tests at the maximum
As previously noted, an examination of the Mach Mach number of 1.08. In addition, the original wind tun-
number distributions in the test section (fig. 29) indicates nel calibration indicated Mach number gradients were
that small differences exist between those measured ofnsignificant. However, exploratory tests conducted
the right and the left sides of the centerline tube. Theduring the calibration of 1961 showed that Mach number
Mach number is always higher on the right side and thegradient could be varied greatly by varying wall diver-
difference between the two Mach numbers is less thangence, especially at supersonic Mach numbers. Thus,
about 0.6 percent. These differences are believed to beest-section divergence would be a critical parameter in
caused by a combination of centerline probe asymmetrythe operation of the wind tunnel. The large effect of wall
and the effects of a cross flow in the wind tunnel and aredivergence was believed to result partly from the
noted in table 11 for all the calibration test points. For the decrease in slot porosity from 13.5 percent for slot 18 to

Wind Tunnel Calibration
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about 4 percent for slot 26. Although the Mach number data were obtained at dew points fronf %4 65 and
gradient does not affect the mean value of Mach numberthese results were used to check the 1977 calibrations.
in the test section, a static-pressure gradient can exerThe Mach number gradients of the calibrations from
horizontal buoyancy on a model and thereby may causel977 and 1990 are shown in figure 37, and except for
an error in drag measurement. Therefore, the calibrationdM = 1.25, show excellent agreement.
conducted during 1977 and 1990 were intended to refine
this existing schedule of wall divergence angles that had  Divergence angles and Mach number gradients.
been developed empirically in some cases in the calibraThe schedule of wall divergence angles for the 16-Foot
tion of 1965. Transonic Tunnel is shown in figure 38 and tabulated in
table 17. The schedule of divergence angles for Mach
Subsonic and low supersonic Mach numbers. numbers less than 1.1 was determined from the 1990 cal-
Mach number gradients for free-stream Mach numbersibration; whereas the schedule for Mach numbers greater
from 0.502 to 1.134 that were obtained from the 1990 than 1.1 is from the 1977 calibration. The 1977 data were
calibration are presented in figure 35. At Mach numbersused because of the wide variation in dew point. The
less than 0.825, a negative Mach number gradient alwaysaverage Mach number gradients and the standard and the
exists in the test section with a maximum value of maximum deviations in Mach number for this schedule
—-0.00076 occurring aM = 0.60. At Mach numbers for both the 6-ft and 8-ft CTSL are shown in figure 39. A
greater than 0.825, it is possible to select a wall diver-comparison of Mach number gradients and divergence
gence wheredM/dx), = 0. For this range of Mach num- angles between the 1965, the 1977, and the 1990 calibra-
bers, airstream dew point has no discernible effect on thetions is presented in figure 40. Mach number gradients
gradient. The data in figure 35 also suggests that settingare greater for the 1990 calibration than for the other two
negative wall divergence angles (walls move into testcalibrations and may be associated with the new support
section) would eliminate the gradient; however, this is system (installed prior to 1990 calibration), which has
not mechanically possible. For a transport model with amore blockage than the old support system. The new
span and length of 80 in. and a volume of about, 3ie support system induces a more positive static-pressure
Mach number gradient avl = 0.6 is calculated to gradient which results in a negative Mach number
0.00001 in drag coefficient. Typically, most models gradient.
tested in the 16-Foot Transonic Tunnel have less than
3 ft2 of volume. Alternate calibrated test-section lengths. The
centerline Mach number distributions shown in figure 27
Supersonic Mach numbers Because at supersonic indicate that models in excess of 20 ft can be tested in the
Mach numbers the Mach number gradient is a function of16-Foot Transonic Tunnel at subsonic Mach numbers.
dew point, it is desirable to obtain calibration data over However, no attempts were made previously to deter-
the widest range of dew points. This range of dew pointsmine flow-uniformity characteristics for the models
may not always be possible because the 16-Foot Traninstalled in that portion of the test section outside of the
sonic Tunnel is an atmospheric wind tunnel. During the calibrated test section. Accordingly, Mach number gradi-
1977 calibration, data were obtained at dew points froments for a series of alternate CTSL from 9 ft to 21 ft have
21° to 6C. The resulting Mach number gradients been determined and are shown in figure 41 for selected
obtained in 1977 are presented in figure 36 as a functionviach numbers. They show trends similar to the trends
of divergence angle for various values of dew point. Note of 6-ft and 8-ft CTSL, which are also shown in figure 41.
that the variation of test-section wall divergence angle The average Mach number gradients and the standard
with dew point at Mach numbers 1.15 and 1.178 does notand the maximum deviations in Mach number are pre-
follow the systematic trend of the data at both the lower sented in figure 42. In general, there is a decrease in the
and the higher values of Mach number. As was the caseMach number gradient as test-section length increases.
in 1965, no technical explanation can be offered for this
lack of consistency with the other data. Although the Boundary-Layer Characteristics
1977 results exhibit the same trends as those obtained in
1965, differences of up to 4 min in divergence angles Boundary-layer characteristics measured with a
existed between the two calibrations. The 1977 set ofl4-probe total-pressure rake on flat 7 at TS 133.00 are
data were chosen for selecting a new wall divergencepresented in figure 43. No corrections were made for
angle schedule because with the addition of the on-siteotal-pressure losses through the bow shock ahead of the
data acquisition system, it was possible to determinetotal-pressure tubes at supersonic speeds. These data
almost instantly where gradients of zero would occur for indicate a turbulent boundary-layer profile and that no
a particular Mach number. This determination was notlosses in the total pressure in the free stream are evident
the case for the 1965 calibration. In 1990, calibration until a point about 8 in. from the flat. The air removal
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system has no effect on boundary-layer depth at the spe- Incremental Mach number. Incremental Mach
cific probe location examined. number distributions in both a vertical and a lateral plane
are presented in figures 46 and 47, respectively. Incre-
mental Mach number is simply the difference between
the local Mach number, which is measured by an individ-
The total power requirements for the Langley ual probe on the rotating rig, and free-stream Mach num-
16-Foot Transonic Tunnel for two dew points are shown ber. In general, these data indicate that the flow is
in figure 44. Also shown is the average total power from uniform about that region of the test section in which the
several runs from the 1990 calibration. The steep rise insurveys were made. Incremental Mach numbers of about
power betweeM = 1.04 andM = 1.05 results from the 0.002 to 0.004 were found for most Mach numbers
additional power from the motor of the air removal sys- below 0.80.
tem. In general, this motor requires about 28 MW for o
operation. Operation of the wind tunnel at supersonic ~ UPflow characteristicsThe variation of test-section
speeds with the air removal system requires a total inputipflow angles with Mach number at TS 130.60,
to the main tunnel drive of at least 42 MW. This power TS 134.60, and TS 136.00 are shown in figure 48.
input is necessary to keep the test-section shockwavel he upflow data are those measured along the vertical
well aft of the model support system strut head. As centerline with the rake positioned at roll angleg ef0
aresult, power requirements froM = 1.05 to about and 180. Along the centerline, the local upflow angle is
M = 1.22 are constant, and in this range, Mach number istypically about 0.18, which increases to about 0°4&t
set by throttling the 10-ft valve. As expected, for the nar- 1.2 ft above the centerline and decreasesQ@C at
row range of dew points tested, dew point did not signifi- 1.2 ft below the centerline. At all tunnel stations, the
cantly effect the total power requirements. Reference 9local upflow angles at a distance of 2.3 ft from the
indicated an approximate 3-percent decrease in powepenterline exhibit an increase in the flow divergence
with about a 20decrease in dew point. away from the test-section centerline at Mach numbers
above 0.80. Upflow angles that were determined from
A comparison of total corrected power from the tests with a force balance in the model generally average
1990, the 1977, and the 1965 calibrations is presented irabout 0.10.
figure 45. The estimated values of corrected power,
which were derived from measured values minus esti-
mated losses in the Kramer drive system (ref. 9), have>
been corrected to standard atmospheric pressure and
the airstream average stagnation temperature. This com

parison indicates that installation of both the new support Sideflow characteristicsThe sideflow characteris-

system (with increased blockage) and the catcher scree
had no effect on power consumption except at Mach?'cs at TS 130.60, TS 133.60, and TS 136.00 are shown

numbers greater than 1.25, where it was estimated thal figure 50. These data show that the sideflow angle is

the catcher screen would require 3 to 5 MW of additional about 0.10 at the center of the test section, with the flow
power diverging from the center at locations off the test-section

centerline. At the outermost probe location (2.3 ft off
centerline) the local sideflow angles are as large a$.0.90
Test-Section Flow Field Characteristics Supersonic sideflow angles are also shown in figure 50.
In general, the supersonic sideflow angles tend to diverge
from the centerline at the downstream station. The larg-
est supersonic sideflow angles are observed on the left

vey rake containing five flow-angularity probes at side of the test section closest to the poi
point where the test-
TS 130.60, TS 133.60, and TS 136.00. Local Mach NUM-"saction air removal takeoff duct is located (fig. 3).

ber and flow angles were measured parallel and perpen-
dicular to the rake and then resolved to the tunnel wind A plot of the subsonic sideflow angles at each tunnel
axis coordinate system. The region of the test sectionstation and at Mach numbers of 0.60, 0.80, and 0.90 is
over which these surveys were made is representative opresented in figure 51. The data show that the variation
the maximum distance from the centerline that a model isin sideflow across the horizontal centerline is nearly lin-
generally tested. The survey at TS 136.00 was limited toear with a gradient of about 0.Ber foot. Along the tun-

a maximum roll angle of 142because of interference nel centerline, the sideflow is about C210oward the
between the retracted sting and the main tunnel supporinside of the tunnel circuitzg,,g, the sideflow angle
system. Further details of these flow surveys are given inincreases to an average of about 0&80a location 2.3 ft
reference 12. from the centerline. Toward the outside of the tunnel

Power Requirements

The variation of upflow angle with tunnel station is
hown in figure 49 for Mach numbers of 0.60, 0.80,
nd 0.90. These data show little variation in upflow angle
in the tunnel streamwise (longitudinal) direction.

A flow field survey was made over a circular cross
section of the wind tunnel test section by rotating a sur-
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circuit (-zyone, the sideflow decreases to an average of €nce 19, are presented in figure 54. Also presented in
about-0.7C, which is directed away from the centerline figure 54 are similar results for several other transonic
at each station. The variation in sideflow angles with tun- wind tunnels. All measurements were made by the same

nel station is small. investigators who used the same techniques and equip-
ment for all wind tunnels. The analysis of the flow transi-
Airstream Flow Quality tion data presented in reference 19 indicates that the

Langley 16-Foot Transonic Tunnel had the lowest distur-

Turbulence intensitiesThe turbulence intensities bance level through the transonic Mach number range of
that were determined from hot wire measurements in theall tunnels considered, and accordingly, the highest tran-
quiescent chamber of the wind tunnel are presented irsition Reynolds number.
figure 52. The data presented were obtained at Mach
numbers in the test section from 0.2 to 1.25 with and Test-Section Temperature Distribution
without a single-engine propulsion simulation system
operating. The longitudinal turbulence intensity varies . . . .
from approximately 0.4 to 2.6 percent along the center ofStream s almosf[ mherem because the wind tunne_l IS
the quiescent chamber. Turbulence levels measured ne oled by continuous air exhcan_ge. After passing
the centerline in the quiescent chamber are in good.t rough the_drlve fans, the airstream in the return passage
agreement with those measured previously (unpublishedsf uniform In temperature. On _the down_stream (inlet)
results) in the test section and indicate that essentially the'de Of the air exchange, the difference in temperature

entrance had no effect on turbulence levels. In addition, tetweerj the C(I)?I Thcogj::?g ar ar;)d tf/Ce reC|trcuIatt(_ed alr-d
jet operation had little or no effect on the turbulence ley- S€aM IS eéqual to ne difierence between stagnation an

els. This result is important because the vast majority 0foutS|de air temperatures. By the time that the airstream

investigations carried out in the 16-Foot Transonic Tun- has traversed. the third and the fourth Sets of tuming
nel involve some means of jet simulation. vanes, an antiturbulence screen, the quiescent chamber,

and the entrance cone, the radial region of temperature
gradient extends inwardly from the test-section wall for
£oout half of the test-section radius. Radial distributions

tunnel test section by rotating a survey rake containingOf stagnation temperature in the test section for several

three static-pressure and one total-pressure acoustié@lues of Mach number are shown in figure 55. The tem-
probes at TS 130.60, TS 133.60, and TS 136.00. Pressurgerature of the airstream core is very uniform and is iden-
fluctuation characteristics were determined at rake roIItlcal to stagnation temperature, which is measured by
angles from-9C° to 90. The region of the test section Probes located in the quiescent chamber.

over which these surveys were made is representative of  1pe temperature gradient in the test-section air-
the maximum distance from the centerline that a model isgtream is not a desirable feature, but in general, it has no
generally tested. Static- and total-pressure fluctuationggyerse effect on most investigations conducted in the
characteristics for the 16-Foot Transonic Tunnel are pre-yind tunnel. The temperature gradient has no effect on
sented in figure 53. Static-pressure fluctuation varies \jach number distribution, but does result in a velocity
from approximately 0.002 to 0.016 percent at a radius ofgradient directly related to the temperature gradient.
2.3 ft about the tynnel centerline (flg_. 53(a)). However, Models with a wing span of 9 ft to 10 ft would probably
along the centerline of the test section, some unknownpe |ocated in an area with essentially no gradient. Except
disturbances cause the pressure fluctuations to increasg, special cases, the temperature gradient effectively

to values as high as 0.052 percenMaf = 1.25. These  gliminates from consideration the investigation of wall-
disturbances are apparently attenuated through the tesfounted models.

section because the pressure fluctuation characteristics
on the centerline at TS 136.00 are similar to those off the
test-section centerline. The flow quality in the 16-Foot
Transonic Tunnel is very good relative to similar facili- During tests made with high dew points, condensa-
ties (refs. 16 to 18). As seen in figure 53(b), total- tion of water vapor in the test-section airstream occurs in
pressure fluctuation varies from approximately 0.002 to varying degrees. The tendency toward the formation of
0.007 percent throughout the region in the test sectionfog in the test-section airstream increases with absolute
where measurements were made. humidity and with increasing air speed. This moisture
condensation decreases as air stagnation temperature is
Transition Reynolds numbefTransition Reynolds raised. Because of the radial temperature gradient, con-
number and noise characteristics for the 16-Foot Tran-densation occurs first in the annular layer of air adjacent
sonic Tunnel, which previously were reported in refer- to the test-section wall as shown in figure 56(a), which is

A radial temperature gradient in the test-section air-

Fluctuating-pressure characteristich flow field
survey was made over a circular cross section of the win

Air Moisture Condensation

17



a view of the test section from the downstream end of thepossibility of both subsonic and supersonic blockage
diffuser. At supersonic speeds when air moisture contenteffects (refs. 20 and 21).
is very high, condensation will occur throughout the
entire test section as illustrated in figure 56(b). Under Boundary-reflected-disturbance length consider-
such conditions, the condensation cannot be completelyations.At low supersonic Mach numbers, boundary-
eliminated by increasing the airstream stagnation reflected disturbances tend to limit the useful test-section
temperature. length. Tests have been conducted to determine the loca-
] ) o tion of the reflected bow shock on the model, which then
The extent to which moisture condensation in the getermines the extent of the interference-free region.
test-section airstream may invalidate aerodynamic data igoyndary-reflected-disturbance lengths for several mod-
controversial. For the 16-Foot Transonic Tunnel, the g|g are presented in figure 58. Results for models 1, 2 ,3,
effects of air moisture content on the wind tunnel test- 54 5 \were taken directly from reference 21 and the
section static-pressure gradient are accounted for in theemainder are from unpublished sources. The distur-
calibration procedure through test-section wall diver- ponce length depends on the strength of the bow shock as

gence..There _remains, however, the effects of local conyffected by the body nose half angle and the change in
densation adjacent to model curved surfaces. Thepgge shape from conical to ogive. At Mach numbers

investigation reported in reference 15 shows little differ- greater than 1.15, aircraft models with a length of 71 in.
ence in data obtained with the same model tested first iy, |ess are génerally free of boundary-reflected

moist air and subsequently in relatively dry air. Unpub- jisturbances.
lished data of a transport model also indicated no effects

of dew point on pressures measured on the wing sur-  \jodel location.For subsonic Mach numbers, the
faces. Another facet of this problem of moisture effects ,odel nose can be located as far forward as TS 116.50,
is the validity of the procedure of applying wind tunnel \ynich places the model within a 21-ft CTSL. At super-
data obtained in desiccated air to aircraft performanceggpic speeds, the model longitudinal position in the tun-
estimation when the aircraft must operate in air having ane| must be considered because the length of the usable
natural moisture content that is frequently sufficient {0 test section with a uniform centerline Mach number dis-
cause visible local condensation on curved surfaces Okyipytion is limited (fig. 28). In addition, the model base

the aircraft. should always be kept forward of TS 137.00 to avoid the
_ o drop in Mach number that occurs aft of this tunnel station
Wind Tunnel Test Capabilities (fig. 28).
Guidelines for Model Size and Location Model volume and sparModel volume should not
exceed 3.5 ftfor tests up to a Mach number of 0.7. This

model size is dictated by wind tunnel blockage effects attheé Mach number gradient on the measured drag of a
subsonic speeds and boundary-reflected disturbances dRodel. For a transport model with a span and length of
supersonic speeds. The maximum cross-sectional area 10 in. and a volume of about 3 fthe Mach number
the model can limit the transonic Mach number at which gradient aM = 0.6 would cause a buoyancy effect equiv-
interference-free data can be obtained. Experimentaf@lent to 0.00001 in drag coefficient. Typically, most
blockage studies, which have been made in the 16-Foofnodels tested in the 16-Foot Transonic Tunnel have less
Transonic Tunnel (ref. 20) with slot shape 29 (width of than 3 ff of volume. At Mach numbers greater than 0.7,
3.9 percent open periphery), indicated that no seriousn® buo_yancy corrections are needed because Wallldlver—
wall interference occurred at subsonic Mach numbers updence is varied to eliminate the Mach number gradient.
to M = 0.98 for models with plogkage ratios of 0.0004. The wing span of a model should not exceed 9 to
These results are presented in figure 57 and can be usef}; ¢ 14 ayoid the effect of the temperature gradient that
to size a model. For example, to obtain interference-free

exists in the test section (fig. 55). The temperature
data at a Mach number of 0.97, the model can have & ,4jent has no effect on Mach number distribution, but

maximum  blockage ratio of 0.0008. With a 0.0008 g,e5 resylt in a velocity gradient directly related to the
blockage ratio, the model would have a maximum CroSS-temperature gradient.

sectional area with an equivalent diameter of 5.4 in.
Similarly, interference-free data could be obtained up to
a Mach number of 0.95 for a model with a blockage ratio
of 0.0024 and an equivalent diameter of 9.4 in. In gen- The main model support system used in the wind

eral, no tests are permitted in the 16-Foot Transonic Tun<unnel is shown in figure 59. The support system consists
nel between Mach numbers of 0.98 to 1.05 because of thef a cast steel circular-arc segment surmounted by a short

Main Model Support System
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straight swept strut that has at its upper end the strut  Attachment of a model sting to a standard or air butt
head, which is a cylindrical body 102.0 in. long and is made with a split coupling or knuckle as shown in fig-
21.0in. in diameter. At an angle of attack ¢f the ure 60(d). A cross section of a typical knuckle and a list
strut-head centerline is coincident with the tunnel center-of available knuckles are also presented in this figure.
line. The support strut penetrates the tunnel floor (flat 8) Tapers at both ends of the knuckles are seated with split
in the diffuser entrance region through an unsealed opennuts, as shown in figure 60(a). The knuckles are split in
ing and moves on a circular-arc track located within a half longitudinally so that they can be changed manually
pressure box that is in the plenum. The support systenbetween wind tunnel runs without disconnecting the
moves in a vertical plane that contains the tunnel centerinstrumentation leads passing through them; however,
line with the center of rotation at TS 134.00 and is actu-this process can be time consuming if the model is large
ated through an angle-of-attack range fre@i to 24. or complex. In addition, many adapters that would
Lateral aerodynamic force tests can be done by remotelyeplace or be used in conjunction with a knuckle are
rolling the model from—-90° to 9¢° and traversing the available (ref. 22). These adapters allow hardware
main tunnel support in the vertical plane. The load capac-designed for other wind tunnels to be used.
ity of the main support system is 10 000 Ib of normal
force and 10 000 Ib of side force that acts at TS 134.00. Sting support systemé variety of model stings for
nonpropulsion tests are available for tests at the 16-Foot
Transonic Tunnel (ref. 22). These stings were built at
various times for specific model installations and load
the model support system. Flexible high-pressure airrequirgments. Several for_ce balances with varying Ipad
capabilities are also available for tests. Some typical

lines with swivel joints at one end are used as a connec i h i fi 61. A phot h showi
tion between the fixed air supply in the strut head and the>'NYS aré shown in figuré 61. A photograph showing a

model. Each line can provide air to a model at a rate Oftypical _sting mounte_d r_nodel in the 16-Foot Transonic
15 Ib/sec at 1000 psi at temperatures frofi+40 130F. Tunnel is presented in figure 62.

Thus, the entire model, model support hardware, and
each air line can be rolled remotely as a unit fr@® to

90° through the angle-of-attack range fre®f to 24.

The 16-Foot Transonic Tunnel support system also
can conduct a variety of propulsion tests. Two separate
independently controlled air supplies are provided within

Model mounts are not limited to those available at
the wind tunnel, because adapters make it possible to
install stings built for other wind tunnels. However, tan-

) dem installation of a series of knuckles and adapters
Miscellaneous Model Support Systems increases the length of the assembled support and can, in
A significant amount of model support hardware SOme cases, put the model too far forward in the test sec-

exists that is appropriate for both aerodynamic and pro-tion. The model |0ngitUdinal pOSition in the tunnel must
pulsion tests. This hardware has accumulated over thd€ considered because the length of the usable test sec-
years and has genera”y emerged from either Specific testion with a uniform centerline Mach number distribution
programs or was acquired for a particu|ar type of test, is ||m|t6d, eSpeCiaIIy at SUperSOﬂiC Mach numbers. In
such as propulsion tests. Therefore, there is a wide variadddition, the model base should be kept forward of
tion in the Versat”ity and usefulness of these compo- TS 137.00 to avoid the effects of the diffuser Mach num-
nents. Some of this hardware will be discussed herein. Aber gradient. All sting and model hardware designs must
more complete description of this hardware can be foundsatisfy the requirements reported in reference 23.
in reference 22.
Sting-strut supportOne model support for propul-

Model attachment to main model supportvarious sion tests is the sting and strut arrangement shown in fig-
methods are available for mounting models to the mainure 63. This sting and strut is used with either an air or
model support system in the test section. For most tests, affset butt. High-pressure air for exhaust simulation is
model is attached to the main support system of the strutouted from the air supply in the strut head through a
head with a combination sting-knuckle-butt assembly 1.5-in-diameter hole in the sting and six 0.625-in-
shown in figure 60(a). This assembly is attached to thediameter holes in the strut. The maximum airflow capa-
upstream end of the strut head at TS 141.94. A sketch obility through the sting and strut is 15 Ib/sec at a pressure
standard and air butts is presented in figure 60(b). Anof about 1000 psi at the top of the strut. Instrumentation
offset butt (fig. 60(c)), which displaces the model center- leads are routed through upper and lower passages in the
line either 22 in. below or above the tunnel centerline, is sting and through passages in the strut leading and trail-
generally used with sting-strut mounting arrangements.ing edges. Model hardware is attached to the top of the
This butt also provides ducts for two high-pressure air strut by a high-pressure plenum, which then directs the
flows for propulsion tests. Several other adapter butts areair aft through the model for either single- or twin-engine
also available and are described in detail in reference 22.simulation. There are currently two sting-and-strut
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supports, one fixes the model &t Yaw and the other The second air-sting support (fig. 67(b)) attaches to
fixes the model at eithef @r 5° yaw (with respect to the  the tunnel support system sting butt, and is generally
strut). Typical models supported by the sting and strutmounted with the sting on the tunnel centerline. Exhaust
are shown in figure 64. simulation air is routed to the model through a 2.0-in-
diameter hole in the sting. All instrumentation leads are
Wingtip support systeniThe wingtip model support routed on the exterior of the sting and secured in place.
system, shown in figure 65, was designed for afterbody
and nozzle integration research on twin-engine fighter ~ High angle-of-attack sting-strut system.A sketch
aircraft at high angles of attack. The wingtip support sys- of a sting-strut model support system for powered mod-
tem attaches to the tunnel support system through tweels at high angles of attack is presented in figure 68(a)
pairs of V struts. The forward pair of struts attaches and a photograph of a model installation is shown in fig-
through a bullet nose fairing to the strut head at ure 68(b). This support system uses a strut in conjunction
TS 141.94. Air lines are routed through the forward with the sting shown in figure 61(c) and attaches to the
struts; instrumentation lines are routed through the aftoffset butt, which places the model on the tunnel center-
struts. Electric flow control valves located in the bullet line. The strut, and consequently, the model centerline
fairing allow remote balancing of the left and right can be set at incidence angles df30, and 60, which
engine flows. The maximum airflow capability of the allows models to be tested up to an angle of attack®of 84
wingtip support is 15 Ib/sec. Twin booms attach to the Higher model angles of attack are possible with the use
top of the V struts and carry air and instrumentation lines of nonzero degree knuckles. This system utilizes the dual
forward to the model. As shown in figure 62, the model high-pressure air supply of the wind tunnel by routing
longitudinal position in the tunnel test section can be var-high-pressure air for exhaust simulation through two 0.5-
ied 6 or 12 in. by sliding the booms forward or aft on the in-diameter air lines. Each air line is capable of an air-
V struts. An integral wing and centerbody is supported flow rate of up to 5 Ib/sec. Instrumentation leads are
between the booms and all other model hardwarerouted through a passage in the strut trailing edge.
attaches to the wing and centerbody. Air and instrumen-
tation lines are routed from the booms to the model =~ Semispan support systerA.sketch of the semispan
through the wing and centerbody. The uncambered wingsupport system is shown in figure 69. This system con-
planform was designed to be typical of fighter aircraft. Sists of a 11- by 6-ft reflection plane located 5.1 ft from
The planform can be rotated with respect to the booms athe lower test-section wall (2.65 ft from the tunnel
incidence angles of 08, 16°, 32, and 485, thereby pro- centerline). The model axis of rotation is located at
viding an angle-of-attack range fron®° to 64. Photo- TS 134.00. High-pressure air is routed to the model by a
graphs showing several model installations with the flexible air line at airflow rates up to 15 Ib/sec. Aero-
wingtip support system are shown in figures 66(a) dynamic forces and moments are measured with the
to 66(c). The fighter wing can be replace with other 1637S Langley force balance. The semispan support was
wings to do other propulsion tests. Figures 66(d) designed for models with a wing semispan up to 6.5 ft
and 66(e) show both a straight and a swept wing, respecand weighing up to 500 Ib with the following aero-
tively, that were used for nacelle and pylon integration dynamic loads:
studies. Further details on the wingtip support system can

be found in reference 22. Normal force .........oovvvceeeeennenen, 5700 Ib
AXial force.......oouvvveieeiiiiiiiiee e 500 Ib
Air-sting supports.Sketches of the two air-sting Pitching moment 15 000 in-lb

supports that are available for tests in the 16-Foot Tran-
sonic Tunnel are presented in figure 67. The first Yawing moment................... 15000 in-lb
air-sting support that used .the flow-through balance anq Rolling moment.................. 215 000 in-lb
bellows assembly was designed for research on subsonic
transport configurations. This air sting attaches directly
to the tunnel support (TS 141.94) and does not use a
knuckle or a sting butt. Two 1.75-in-diameter holes in the The 16-Foot Transonic Tunnel is used primarily for
sting route the exhaust simulation air (upper passage) anéhternal (inlet and nozzle) and external aerodynamic
instrumentation leads (lower passage) into the model.studies of the propulsion and airframe integration charac-
Two 0.75-in-diameter holes near the sting and modelteristics of transport aircraft, high performance military
attachment are also available for routing instrumentationaircraft, and spacecraft. Engine exhaust flow is simulated
leads. Additional information on this balance configura- with flow-through nacelles, cold high-pressure air, or tur-
tion can be found in the “Instrumentation” section and in bine powered simulators. Several high-pressure air sys-
reference 22. tems are available for exhaust flow simulation. The two

Model Propulsion Systems
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primary high-pressure air systems can each deliver to ahe other system is the wingtip-mounted twin-jet system.
model, a separate individually controlled air supply with As was the case with the single-engine simulators, the
each providing an airflow of up to 15 Ib/sec at tempera- designs allow maximum flexibility for balance selection
tures from 70 to 130F. The high-pressure air, which is and hardware arrangements. Further design details can
continuously supplied from a central 5000 psi system, isbe found in reference 22.

held in an 1800 psi reservoir outside the building and , . . )
regulated inside the building as required for a particular ~For the sting-strut twin-jet system, high-pressure air
test condition. In addition, 3 Ib/sec at 1800 psi and 1 Ib/iS ducted through the sting-strut support system and into

sec at 350 psi air systems are also available. All models? Nigh-pressure plenum. At this point, the air is split into
that use the high-pressure air systems must have hight-WO flows and ducted into two separate bellows assem-

pressure components designed and tested in accordandi€s, which then exhaust into two tailpipes and exhaust
with references 23 and 24. Design details not included in"0ZZ!es. The two airflows can be balanced by manually

the subsequent brief descriptions of these systems m(,j1§;perated _flow control valves that are Iocqteql in each air
be found in reference 22. supply pipe. A photograph of the twin-jet system
installed on the sting strut is presented in figure 64(c).

Exhaust nozzle simulation systemBeveral single- Typical research conducted with this simulation system

and twin-engine exhaust simulation systems that are usedf reported in references 28 and 29.

primarily for research of installed nozzle performance The wingtip-mounted twin-jet system has high-
and nozzle/afterbody/empennage integration are availpressyre air ducted through the wingtip support center-
able. ngmum flexibility was deS|gne_d into these sys- body into two high-pressure plenums, which are located
tems with respect to balance selection and hardwarg, ejther side of the fuselage. These plenums direct the
variations. The primary component of each exhaust Sim-air jnto two separate bellows assemblies, which in turn
ulatlc_m system is a flow transfe_r device that is deS|gn<_edsupp|y the twin nozzles. Electrically operated flow con-
to eliminate the transfer_ of axial momentum as air is o] valves in each supply pipe serve to balance the flow
passed from the nonmetric (not mounted on the force balyng each bellows assembly. Two separate force balances
ance) to metric portions of the model. Elt_her two flexible \ith different load capacities and each with their own
metal bellows (ref. 22) or nonmetallic diaphragms pe|iows assembly can be installed in the wingtip support
(ref._25), which connect the nonmetric and the metric system. One bellows assembly is also used in the twin-
portions of the system, are used as seals and serve t9ngine system previously described in this section. A
compensate for the axial forces caused by pressurizationgyaich of a powered F-18 model that used the wingtip

The single-engine exhaust simulation systems wereSupport system and 'beIIovys assemblies. from the strut-
mounted twin-jet simulation system is shown in

designed to be installed on the sting-strut model support.. e .
All sting struts have similar systems that duct high- figure 71(a). The bellows assembly used in this model is

pressure air through the sting strut into a high-pressurd’résented in figure 71(b). Photographs of other models

plenum and then into a single flow transfer bellows that have utilized the wingtip support system are shown
figure 66. Typical experimental investigations con-

arrangement. The bellows arrangement is housed in a] . . ;
low-pressure plenum. This bellows arrangement directs ucted with this hardware are reported in references 30
to 33.

the flow through either a choke plate or flow straight-
ener, and into an instrumentation section that contains ) ) )
total-pressure and temperature probes. Hardware aft of ~Propulsion simulatorsResearch on subsonic trans-

the instrumentation section is chosen to meet test requirePOt Wing/pylon/nacelle(s) integration can be conducted
ments and objectives. with high-pressure air-driven turbofan or turboprop

engine simulators. These simulation systems can be used
One axisymmetric and three nonaxisymmetric exter- in conventional sting-mounted models or with a model
nal body shapes can be used. A sketch of one of then the semispan support. Two air-driven simulators are
single-engine systems is presented in figure 70.available.
Figures 64(a) and 64(b) show photographs of the single- . o
engine system with the axisymmetric and the nonaxisym- _ One turbofan simulator, shown in figure 72, has an
metric bodies mounted on the sting-strut support System_alr—drlven, single-stage turbine that powers a single-stage

Typical experimental investigations conducted with this cOmpressor with a 4.1-in-diameter tip. At the design
hardware are reported in references 26 and 27. condition of 80 000 rpm, the turbine operates with a
drive pressure of 350 psi and a fan pressure ratio of 1.6.

Two separate twin-engine propulsion simulation sys- Turbine drive gas requirements at design are (nominally)
tems are available for research at the 16-Foot Transonid.3 Ib/sec at 350 psi total pressure and’E@0@tal tem-
Tunnel. One system is the sting-strut twin-jet system andperature. This pressure ratio and the ratio of fan diameter
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to turbine diameter are representative of medium- stream conditions, model attitude, jet parameters, and
bypass-ratio turbofan engines installed on transportaerodynamic and pressure coefficients. The reduced data
aircraft. are then available for real-time graphic display or near-
. , ) . real-time tabular display on a line printer. The ModComp
Another turbofan simulator is used with the semi- ¢ompyter also interfaces with microprocessors to control
span support system. A sketch of this simulator is pre-yind tunnel free-stream conditions, model attitude, and
sented in figure 73. This simulator has a four-stage tur-jet parameter settings. The data acquisition system can
bine motor that is capable of powering fans from 6.6 in. 5cquire data from 128 analog (measured in microvolts)
to about 10 in. in diameter, which represents fan bypassyressure, force, and temperature measurements, 52 digi-
ratios from 6 to about 12. The turbine air motor has a tur-ta| measurements, and 1024 electronically scanned pres-
bine diameter of 2.75 in. and produces up to 348 hp. Tur-gre (ESP) channels. A duplicate ModComp REAL/Star

bine drive gas requirements at design are (nominally)2000 computer system is used in the model preparation
4 Ib/sec at 860 psi total pressure and’E3¥otal tempera-  5rea.

ture. For a configuration with a bypass ratio of 9, the
22-blade fan has a 8.697-in. diameter. Data in a binary format are transferred from the
Modcomp disk to a Sun Sparc-10 workstation on which
Ejector mass flow systemAn ejector mass flow postrun processing of the data are performed. A discus-
measurement system, shown in figure 74, is available forsion of the data reduction procedures and formulas can
use in the 16-Foot Transonic Tunnel to conduct inlet be found in reference 34. A data analysis system, which
research. The ejector attaches to a model at an aerds an integrated system of programs, is available that can
dynamic interface plane. Several high-pressure airplot data in several formats, tabulate data, and generate
attachment points are available to tailor a particular inlet formatted data files.
installation. Maximum available ejector pressure is
1200 psi. Variation in mass flow is provided for by Dynamic data systenThe dynamic data acquisi-
remotely actuating a conical plug to change duct exittion system has two Metrum model 101e 28-track wide-
area. Mass flow is computed from the ratio of the aver-band FM tape recorders for recording unsteady signals.
age flow plug exit static pressure to the average totalA block diagram of this dynamic data system is
pressure measured at the aerodynamic interface plane. firesented in figure 76. Also available is a 28-track FM
combination of 40 steady-state and fluctuating total- tape playback unit. Data analysis is performed with a
pressure probes that are arrayed in 5 rings with 8 probed4-channel spectrum analyzer that has a frequency capa-
each are used to measure duct flow characteristics. Irbility of 100 kHz with simultaneous 14-channel acquisi-
addition, eight single fluctuating-pressure probes aretion. A personal computer operates a windows-based
available to be placed at various points at the aero-system that controls the analyzer. Support hardware
dynamic interface plane. If complete fluctuating-pressure includes 40 channels of computer compatible amplifier
measurements are not needed, an array with 40 steadyiters and 21 two-channel oscilloscopes. Data are
state total-pressure probes with 8 static-pressure probeacquired through the personal computer that automati-
can be used. This array can be used with or without thecally starts the tape recorders at a specified time. The
eight single dynamic probes. Multiple combinations of computer also records time codes, amplifier settings, and
the steady-state and fluctuating-pressure measurementfiiter settings and stores them for later use in data reduc-
can also be made because the measurement array ton. This system also interfaces with the tunnel data
formed by using eight individual rakes that can be mixed acquisition system to obtain test parameters for data

in any combination. reduction.
Data Acquisition Systems Instrumentation
Steady-state data systemsThe 16-Foot Transonic Force and moment measurementdodel force and

Tunnel steady-state data acquisition system is composethoment measurements in the Langley 16-Foot Transonic
of ModComp REAL/Star 2000 computer running a real- Tunnel are made with internal, six-component, strain-
time Unix operating system and interfaced with a Neff gage balances. Langley Research Center maintains a
system 620 analog amplifier conditioning unit (analog- very extensive inventory of balances that have a wide
to-digital converters). A block diagram of this steady- variation in both physical size and load capacity. The
state system is presented in figure 75. This system moniquoted accuracy of the balances is better than 0.5 percent
tors and acquires data from the model and generatesf full scale (statistically determined). Although most of
various alphanumeric displays. The system then calcu-these balances could be used in the 16-Foot Transonic
lates engineering units for all test measurements, free-Tunnel, generally, balances such as those shown in
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figure 77 are utilized. The 1613 and 1621 balancesmodel prior to the tunnel run. The model is illuminated
(figs. 77(a) and 77(b)) are typically used in powered with ultraviolet light during the run, and the flow patterns
model tests. The 1617 and 1629 balances (fig. 77(c)) arshown by the fluorescing oil are photographed. An
generally used in large models. In addition, a sketch ofexample of this technique is shown in figure 78. In the
the six-component, flow-through 1627 balance is pre- permanent-record oil-flow technique, a mixture of
sented in figure 77(d) as it is used with the air-sting linseed-oil-based paint, tempura paint, and vacuum pump
model support system (described in the “Air-sting sup- oil is applied to the model surface. Then the tunnel is run
ports” section). This balance is unique because it is aat the test condition until the mixture has dried on the
flow-through balance with its own internal bellows model surface. This provides a permanent record of the

systems. surface flow that can be photographed in detail at a later
time. Two examples of the permanent-record flow-
Pressure and temperature measurementisidivid- visualization technique are presented in figure 79.

ual measurements of model static and total pressuregigure 79(a) shows the flow over a nozzle afterbody that
are made with either differential or absolute pressurewas tested on the single-engine propulsion simulation
transducers, which range in capacity from 0.5 psi to system similar to that shown in figure 70. The flow at the
2000 psi. Multiple pressure measurements utilize theaft portion of the juncture of the wing and body of a
electronically scanned pressure (ESP) system. The ESBransport model is shown in figure 79(b).

system consists of a data acquisition and calibration unit,

a pressure control unit, and pressure-measuring modules  pressure-sensitive paint techniqueThe pressure-
with 32, 48, or 64 ports or transducers each. The ESPsensitive paint (PSP) technique is based on the measured
system is designed to permit simultaneous measuremenuminescence of an excited, coated aerodynamic surface.
of up to 1024 model pressures. The ESP modules arerthe coating or PSP luminesces at levels that are
usually mounted inside the model, with the 32-port mod- jnversely proportional to the surface static pressure in the
ules that measure 1.0 in. by 2.2 in. by 1.8 in. (not includ- oxygen environment when excited with a specified light
ing pressure tubing). A rack-mounted system (external tosource. A video luminescent imaging system is used to
the model) with four modules that have 32-pressure portsrecord PSP images at specified test conditions. The PSP
each is also available. Transducer capacities rangeechnique is a relatively nonintrusive test because the
from5 psi to 100 psi for the internal modules and PSP is applied to the area of interest in a thickness of 1 to
either 100 psi or 250 psi modules are available for 3 mil. The PSP can operate under static conditions of O
the rack-mounted system. The preferred individual to 1 atm and at temperatures ranging from abodt 50
thermocouples for measuring model temperaturesto 130°F. The PSP is temperature sensitive, and there-
are Chromel-Alumel, Iron-Constantan, or Copper- fore, is most applicable in environments where the sur-
Constantan. face thermal gradients can be kept to a minimum
(maximum about 5TF). An example of PSP technique is
Weight flow rate measurement@/eight flow rate presented in figure 80.
of the high-pressure air used for jet exhaust simulation in
the 16-Foot Transonic Tunnel is measured by a multiple

critical venturi system in each of the two air systems. ;¢ o 5.\ argon-ion laser, a fiber-optic cable for transmit-

The six critical-flow venturies (in each multiple critical {ing the laser beam to the test section, and an optical head
venturi system) vary in size, so that 47 increments Of ¢y converting the laser beam to a sheet of laser light.

flow area are available to meet test requirements. ThisSthe |aser is mounted on a table outside the plenum

system provides high accuracy of flow measurement, anchamher. The fiber-optic cable transmits the laser beam
extremely wide range of weight flow, small pressure f,m the Jaser into the plenum to the optical head, which
losses, and a very low level of noise in the airstream andg mqynted behind the window in the top flat (flat 4). The
pipe structures. More information on this system may be|ager sheet is transmitted perpendicular to the longitudi-
found in references 22 and 35. nal axis of the test section and is capable of scanning
fore and aft along the longitudinal axis of the model. In
Flow-Visualization Methods addition, the width of the laser sheet is variable. Tunnel
flow is seeded with water vapor from the laser seeding
Oil-flow techniquesThe 16-Foot Transonic Tun- system located in the quiescent chamber of the wind tun-
nel can diagnose model flow with various oil-flow tech- nel. The flow can be observed from a variety of view-
nigues such as fluorescent oil flow and “permanent- points, such as a camera mounted on the strut head, a
record” oil flow. In the fluorescent oil-flow technique, an sidewall camera window, and various slots and portholes
oil that fluoresces under ultraviolet light is applied to the in the test section.

Laser sheet systerthe laser sheet system consists
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Flow Field Measurements had little or no effect on the aerodynamic characteristics
of the tunnel.

Flow field measurements can be made in the 16-Foot
Transonic Tunnel with a laser velocimeter system, which

is a nonintrusive flow measurement device that allows NASA Langley Research Center
the determination of two components of the flow velocity Hampton, VA 23681-0001
(streamwise and vertical) at a point in the tunnel test secMay 15, 1995

tion. A 6-W argon-ion laser provides the light source.

The laser and associated optics are mounted on a movReferences

able scanning rig located in the test-section plenum 1
behind the window in flat 2. This position allows the
laser to survey a volume of the test section. The surveyed
volume is limited by the size of the window in the test-
section wall and the transmitting lens size. The volume
that can be surveyed with the scan rig encompasses
21.5in. forward of TS 134.25 and is 14.5 in. above and
below the tunnel centerline. The spanwise movement of
the sample volume is obtained by use of a zoom lens,
which allows a movement of 39.0 in. about the tunnel
centerline. The spatial resolution of the sample volume is

a cylinder with a diameter of 0.012 in. and length of 4.
0.24 in. Data are acquired and recorded on magnetic or
optical disk by a computer dedicated to the laser veloci-
meter, which also reduces the data so that the velocitiess,
displayed are obtained almost in real time. The seeding
system consists of an array of particle generators
mounted on the fourth set of turning vanes in the quies-
cent chamber upstream of the antiturbulence screen. The
seeding particles are polystyrene microspheres with a
diameter of 0.8um that are suspended in alcohol.
Figure 81 shows a flow field being measured with the
laser velocimeter.

Concluding Remarks

The Langley 16-Foot Transonic Tunnel is a closed-
circuit single-return atmospheric wind tunnel that has a
slotted octagonal test section with continuous air
exchange. The wind tunnel speed can be varied continu- 9,
ously over a Mach number range from 0.1 to 1.3. Test-
section plenum suction is used for speeds above a Mach
number of 1.05. Over a period of some 40 years, the;,
wind tunnel has undergone many modifications. In the
modifications completed in 1990, a new model support
system with increased blockage, new fan blades, all-
catcher screen for the first set of turning vanes, process
controllers for tunnel speed, model attitude, and jet flow
for powered models were installed. This report presents a
complete description of the Langley 16-Foot Transonic 12.
Tunnel, calibration procedures, and the results of the
1977 and the 1990 wind tunnel calibrations with test-sec-13.
tion air removal. Comparisons with previous calibrations
showed that the modifications made to the wind tunnel
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Table 1. Major Dimensions of Langley 16-Foot Transonic Tunnel

Component TS ft | dgg ft Shape Component TS, ft deg ft Shape
Quiescent chamber begins 0 58.0 | Circular Power section begins 326.1 34.0 Circular
Antiturbulence screen 2.3 58.0 | Circular First set turning van8s 349.1 34.0 Elliptical
Quiescent chamber ends 40.0 58.0 | Circular Catcher screen 349.1 34.0 Elliptical
Converging fillet begins 40.0 58.0 | Circular Drive fan £ 386.6 34.0 Circular
Converging transition beginy  45.0 55.3 | Octagonal Drive fan 2 396.6 34.0 Circular
Converging octagon begins| 70.0 27.1 | Octagonal Second set turning varle§  434.1 34.0 Elliptical
Entrance liner begins 95.5 16.1 | Octagonal Power section ends 457.1 34.0 Circular
Entrance cone ends 107.0 15.9 | Octagonal Return passage begins 457.1 34.0 1.67 half angle
Test section begins 107.0 15.9 | Octagonal Return passage continue  500.3 36.7 3° half angle
Test section ends 138.0 15.9 | Octagonal Return passage ends 703.0 58.0 Circular
Diffuser entrance begifis 138.0 15.9 | Octagonal Lips of air exit vanés 703.0 54.0 36-sided polygor|1
Diffuser entrance ends 154.0 17.3 | 16-sided polygon| Pressure drop screen 747.2 56.0 36-sided pongorI\
Diverging transition begins | 154.0 17.3 | 16-sided polygorn)| Lips of air inlet vanes 773.0 54.0 36-sided polygoﬂ1
Diverging transition ends 179.0 20.5 | Circular Cylindrical return begins 773.0 58.0 Circular
Conical diffuser begins 179.0 20.5 | 3° half angle Third set turning van8s 814.2 58.0 Elliptical
Diffuser continues 285.9 31.7 | 1.6& half angle || Fourth set turning vanBs| 899.2 58.0 Elliptical
Diffuser ends 326.1 34.0 | Circular Cylindrical return ends 930.0 58.0 Circular

&Test-section wall divergence’.0

bMinor axis on centerline.

CInclude nacelle cross-sectional area.

dAir exchange full open.
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Table 2. Half-Width Dimensions for Test-Section Longitudinal Slot Shape 29

TS, ft S IN. TS, ft S IN. TS, ft S IN.
107.5 0.000 120.0 1.500 134.5 1.500
108.0 0.155 121.0 1.500 135.0 1.500
108.5 0.290 122.0 1.500 1355 1.500
109.0 0.420 123.0 1.500 136.0 1.500
109.5 0.545 124.0 1.500 136.083 1.597
110.0 0.670 125.0 1.500 136.167 1.727
110.5 0.780 1255 1.500 136.250 1.857
111.0 0.890 126.0 1.500 136.333 1.997
1115 0.990 126.5 1.500 136.417 2.177
112.0 1.095 127.0 1.500 136.500 2.507
1125 1.165 127.5 1.500 136.583 2.627
113.0 1.245 128.0 1.500 136.667 2.827
113.5 1.320 128.5 1.500 136.750 3.037
114.0 1.380 129.0 1.500 136.833 3.227
1145 1.440 1295 1.500 136.917 3.407
115.0 1.480 130.0 1.500 137.0 3.567
115.5 1.500 130.5 1.500 137.5 4.457
116.0 1.500 131.0 1.500 138.0 5.207
116.5 1.500 1315 1.500 138.5 5.221
117.0 1.500 132.0 1.500 139.0 5.265
117.5 1.500 132.5 1.500 139.5 5.337
118.0 1.500 133.0 1.500 140.0 5.439
118.5 1.500 1335 1.500 140.27 5.506
119.0 1.500 134.0 1.500
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Table 3. Instrument Accuracies

Manufacturers quote
accuracy,
Instrument Range percent full-scale Accuracy
Ruska digital pressure gages 20 psi 0.012 0.002 psi
Pressure transducers 2.5 psi 0.250 0.006 psi
ESP transducer 15 psi 0.060 0.009 psi
Platinum resistance thermometer g, 0° to 100 0.25 0.25
Platinum resistance thermometer 1ot, 0° to 200 0.25 0.5¢°
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Table 4. Satic-Pressure Orifice Locations

(a) Centerline tube

TS, ft Location TS, ft Location TS, ft Location
100.25 Left side 119.75 Left side 133.00 Right side
101.00 Left side 120.50 Left side 133.25 Left and right side
101.75 Left side 121.25 Left side 133.50 Right side
102.50 Left side 122.00 Left side 133.75 Right side
103.25 Left side 122.75 Left side 134.00 Left and right side
104.00 Left side 123.50 Left side 134.25 Right side
104.75 Left side 124.25 Left side 134.50 Right side
105.50 Left side 125.00 Left side 134.75 Left and right side
106.25 Left side 125.75 Left side 135.00 Right side
107.00 Left side 126.50 Left side 135.25 Right side
107.75 Left side 127.25 Left side 135.50 Left and right side
108.50 Left side 128.00 Left side 135.75 Right side
109.25 Left side 128.75 Left side 136.00 Right side
110.00 Left side 129.00 Right side 136.25 Left and right side
110.75 Left side 129.50 Left and right side 136.50 Right side
111.50 Left side 130.00 Right side 136.75 Right side
112.25 Left side 130.25 Left side 137.00 Left side
113.00 Left side 130.50 Right side 137.50 Right side
113.75 Left side 131.00 Left and right side 137.75 Left and right side
114.50 Left side 131.25 Right side 138.00 Right side
115.25 Left side 131.50 Right side 138.50 Left and right side
116.00 Left side 131.75 Left and right side 139.90 Right side
116.75 Left side 132.00 Right side 139.25 Left side
117.50 Left side 132.25 Right side 139.50 Right side
118.25 Left side 132.50 Left and right side 140.00 Left and right side
119.00 Left side 132.75 Right side




0€

(b) Test-section wall and diffuser

Table 4. Concluded

N

N

n

N

N

N

TS, ft Location TS, ft Location TS, ft Location

108.0 Test section 129.5 Test section 152.0 Start diffuser and transitiol
108.5 Test section 130.0 Test section 152.5 Start diffuser and transitiol
110.0 Test section 130.5 Test section 153.0 Start diffuser and transitiol
111.0 Test section 1315 Test section 153.5 Start diffuser and transitiol
1115 Test section 1335 Test section 168.0 Start diffuser and transitiol
113.0 Test section 134.0 Test section 174.0 Start diffuser and transitiol
1135 Test section 134.5 Test section 180.0 Conical diffuser
1145 Test section 135.5 Test section 186.0 Conical diffuser
115.0 Test section 137.0 Test section 192.0 Conical diffuser
1155 Test section 1375 Test section 198.0 Conical diffuser
116.0 Test section 138.0 Test section 206.0 Conical diffuser
117.0 Test section 1435 Start diffuser and transitio 216.0 Conical diffuser
1195 Test section 144.0 Start diffuser and transitio 218.0 Conical diffuser
121.0 Test section 1445 Start diffuser and transitio 224.0 Conical diffuser
1235 Test section 145.0 Start diffuser and transitio 236.0 Conical diffuser
124.0 Test section 1455 Start diffuser and transitio 248.0 Conical diffuser
125.5 Test section 146.0 Start diffuser and transitio 260.0 Conical diffuser
126.0 Test section 146.5 Start diffuser and transitio 272.0 Conical diffuser
126.5 Test section 148.5 Start diffuser and transitio 284.0 Conical diffuser
127.0 Test section 149.0 Start diffuser and transitio 296.0 Conical diffuser
127.5 Test section 150.0 Start diffuser and transitio 308.0 Conical diffuser
128.0 Test section 150.5 Start diffuser and transitio 320.0 Conical diffuser
129.0 Test section 151.0 Start diffuser and transitio
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Table 5. Wind Tunnel Operational Characteristics

(a) Motor rotational characteristics

Run Point M, Ofjat, MIN Tap °F Tt °F N5 rPm mp TPM comp P [V percent ope
14 93 0.1000 0 57.0 92.1 48.5 52.6 0 0
12 43 0.2021 0 47.6 92.2 96.9 100.6 0 0
12 42 0.3015 0 48.9 97.5 142.2 145.5 0 0
12 41 0.4044 0 49.6 103.2 185.9 188.8 0 0
14 87 0.5028 0 60.5 114.2 224.7 227.5 0 0
14 84 0.6036 0 60.7 121.8 258.6 260.9 0 0
14 81 0.6535 0 60.5 126.6 273.9 275.9 0 0
12 38 0.7030 0 50.2 118.4 284.2 286.0 0 0
14 75 0.7285 0 60.5 133.3 294.1 295.7 0 0
11 21 0.7538 0 49.3 128.8 298.4 300.2 0 0
14 69 0.7795 0 60.1 138.8 306.6 308.1 0 0
16 23 0.8058 0 56.0 142.0 313.2 314.9 0 0
14 61 0.8284 0 59.8 1455 318.0 319.6 0 0
14 57 0.8555 1 59.6 149.1 323.6 325.1 0 0
14 53 0.8809 3 59.5 151.9 328.2 329.8 0 0
11 3 0.9038 4 50.5 119.3 323.1 324.9 0 0
14 44 0.9304 7 58.6 157.7 336.4 338.3 0 0
12 27 0.9579 10 50.0 145.1 336.2 338.1 0 0
14 36 0.9816 12 64.2 164.2 344.1 346.1 0 0
11 20 1.0086 14 50.5 148.3 343.2 345.0 0 0
14 25 1.0595 7 64.0 167.4 350.1 351.7 481.1 15.1
12 14 1.1106 5 50.4 152.7 345.6 347.4 476.8 30.6
14 23 1.1351 10 63.8 168.7 348.3 350.0 480.7 38.1
10 8 1.1595 17.9 50.4 157.9 345.4 343.2 464.5 44.6
10 14 1.1796 26.5 58.2 163.7 347.6 345.4 540.3 35.9
11 44 1.2054 10 59.8 160.0 341.9 343.6 554.4 46.9
13 21 1.2262 14 62.7 166.0 343.1 344.7 534.1 55.4
11 38 1.2483 145 61.6 161.9 342.3 344.0 553.1 100.0
14 6 1.2714 21 60.1 168.1 355.6 356.5 551.9 100.0
13 7 1.2947 23 58.3 136.0 366.7 367.5 535.9 100.0
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Table 5. Continued

(b) Power characteristics

Run Point M, Ofiat: MIN | Tgp, °F | Py MW | P, MW comp MW P . MW | P . MW | (P ). MW (P ). MW
14 93 0.1000 0 57.0 0.5 0.5 0 1.0 1.0 1.0 1.0
12 43 0.2021 0 47.6 1.0 1.0 0 2.0 2.0 1.9 1.9
12 42 0.3015 0 48.9 3.0 2.0 0 5.0 5.0 3.8 3.8
12 41 0.4044 0 49.6 6.0 4.0 0 10.0 10.0 6.5 6.5
14 87 0.5028 0 60.5 9.0 6.0 0 15.0 15.0 11.3 10.5
14 84 0.6036 0 60.7 115 8.5 0 20.0 20.0 154 15.4
14 81 0.6535 0 60.5 13.0 10.0 0 23.0 23.0 18.0 18.0
12 38 0.7030 0 50.2 15.0 12.0 0 27.0 27.0 21.7 21.0
14 75 0.7285 0 60.5 155 12.0 0 27.5 27.5 22.0 22.0
11 21 0.7538 0 49.3 16.0 12.0 0 28.0 28.0 22.3 22.9
14 69 0.7795 0 60.1 17.0 13.5 0 30.5 30.5 24.6 24.6
16 23 0.8058 0 56.0 17.0 14.0 0 31.0 31.0 24.8 26.0
14 61 0.8284 0 59.8 18.5 15.0 0 33.5 33.5 27.1 27.1
14 57 0.8555 1 59.6 19.0 16.5 0 35.5 35.5 28.8 28.8
14 53 0.8809 3 59.5 20.0 17.0 0 37.0 37.0 30.1 30.1
11 3 0.9038 4 50.5 21.0 18.0 0 39.0 39.0 32.6 32.6
14 44 0.9304 7 58.6 21.0 19.0 0 40.0 40.0 32.8 32.2
12 27 0.9579 10 50.0 22.0 20.0 0 42.0 42.0 34.6 34.6
14 36 0.9816 12 64.2 22.0 21.0 0 43.0 43.0 35.0 35.0
11 20 1.0086 14 50.5 23.0 21.0 0 44.0 44.0 36.1 36.1
14 25 1.0595 7 64.0 23.0 22.0 27.0 45.0 72.0 36.7 65.6
12 14 1.1106 5 50.4 23.0 23.0 27.0 46.0 73.0 37.8 66.6
14 23 1.1351 10 63.8 23.0 23.0 27.0 46.0 73.0 37.6 66.6
10 8 1.1595 17.9 50.4 24.0 23.0 27.0 47.0 74.0 38.4 67.2
10 14 1.1796 26.5 58.2 24.0 24.0 28.0 48.0 76.0 39.2 67.4
11 44 1.2054 10 59.8 23.0 23.0 29.0 46.0 75.0 37.6 67.6
13 21 1.2262 14 62.7 23.0 23.0 28.5 46.0 74.5 37.8 68.0
11 38 1.2483 14.5 61.6 23.0 23.0 29.0 46.0 75.0 37.4 68.3
14 6 1.2714 21 60.1 27.0 29.0 28.0 56.0 84.0 46.8 76.5
13 7 1.2947 23 58.3 29.0 30.0 28.0 59.0 87.0 49.3 78.7
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Table 5. Concluded

(c) Horsepower characteristics

Run Point Mr Psh,n‘i’ hp Psh,nQ’ hp Pshpomp hp IDsh,vvt hp I:’shlot’ hp (PSh,W?C' hp (PShIOt)C’ hp
14 93 0.1000 65 71 0 136 136 3972 3972
12 43 0.2021 286 297 0 583 583 4481 4481
12 42 0.3015 1345 900 0 2244 2244 6 152 6 152
12 41 0.4044 3572 2394 0 5966 5966 9891 9891
14 87 0.5028 6513 4 362 0 10875 10875 14733 14733
14 84 0.6036 9 599 7125 0 16724 16724 20 188 20 188
14 81 0.6535 11503 8880 0 20383 20383 23 962 23 962
12 38 0.7030 13791 11074 0 24 865 24 865 28 324 28 324
14 75 0.7285 14748 11 445 0 26 193 26 193 29 530 29530
11 21 0.7538 15450 11616 0 27 065 27065 27776 27776
14 69 0.7795 16 876 13431 0 30 307 30 307 33 365 33 365
16 23 0.8058 17 237 14 236 0 31474 31474 34 330 34 330
14 61 0.8284 19 059 15492 0 34551 34551 37 280 37 280
14 57 0.8555 19919 17 345 0 37273 37273 37084 37084
14 53 0.8809 21270 18 142 0 39412 39412 41740 41740
11 3 0.9038 22 004 18934 0 40938 40938 43 806 43 806
14 44 0.9304 22901 20 817 0 43717 43717 45651 45651
12 27 0.9579 23984 21908 0 45 892 45 892 47778 47778
14 36 0.9816 24 565 23555 0 48 120 48 120 49 607 49 607
11 20 1.0086 25607 23482 0 49 089 49 089 50 684 50 684
14 25 1.0595 26112 25083 27878 51195 79072 52 336 77730
12 14 1.1106 25782 25912 27 628 51693 79322 52 963 78 166
14 23 1.1351 25980 26 109 27850 52089 79 940 53081 78 424
10 8 1.1595 26 894 25604 26911 52 498 79 409 53 327 77751
10 14 1.1796 27 067 26 898 32 467 53 966 86 433 54 429 83 757
11 44 1.2054 25509 25635 34500 51144 85644 52138 83475
13 21 1.2262 25597 25715 32 666 51313 83979 52504 82312
11 38 1.2483 25539 25 664 34 421 51203 85625 52 122 83 340
14 6 1.2714 31173 33 586 33162 64 759 97921 64 870 95 068
13 7 1.2947 34 537 35813 32 200 70 350 102 550 69 843 99 044
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Table 6. Test-Section Mach Number Distributions From Left Side of Centerline Tube

(a) TS 100.25 to 106.25

Mlo’I at TS of—

Run Point M, 100.25 101.00 101.75 102.50 103.25 104.00 104.75 105.50 106.25
14 93 0.1000 0.0940 0.0942 0.0957 0.0965 0.0953 0.0967 0.0948 0.0971 0.0950
12 43 0.2021 0.1938 0.2012 0.2022 0.1893 0.1886 0.2070 0.1956 0.1956 0.1967
12 42 0.3015 0.2927 0.2981 0.2989 0.2909 0.2913 0.3028 0.2961 0.2971 0.2978
12 41 0.4044 0.3941 0.3985 0.3993 0.3938 0.3939 0.4046 0.3993 0.4005 0.4018
14 87 0.5028 0.4909 0.4928 0.4940 0.4953 0.4949 0.4999 0.4981 0.5004 0.5019
14 84 0.6036 0.5868 0.5892 0.5912 0.5932 0.5924 0.5995 0.5970 0.5993 0.6020
14 81 0.6535 0.6337 0.6363 0.6384 0.6409 0.6408 0.6487 0.6456 0.6484 0.6513
12 38 0.7030 0.6789 0.6834 0.6862 0.6851 0.6859 0.6992 0.6930 0.6958 0.6991
14 75 0.7285 0.7026 0.7058 0.7089 0.7116 0.7119 0.7221 0.7181 0.7209 0.7241
11 21 0.7538 0.7253 0.7294 0.7321 0.7353 0.7357 0.7460 0.7424 0.7457 0.7493
14 69 0.7795 0.7477 0.7522 0.7555 0.7597 0.7597 0.7721 0.7671 0.7703 0.7745
16 23 0.8058 0.7708 0.7754 0.7786 0.7830 0.7853 0.7963 0.7924 0.7962 0.8003
14 61 0.8284 0.7885 0.7939 0.7984 0.8030 0.8042 0.8144 0.8126 0.8165 0.8209
14 57 0.8555 0.8108 0.8163 0.8218 0.8272 0.8284 0.8444 0.8379 0.8418 0.8467
14 53 0.8809 0.8305 0.8381 0.8439 0.8499 0.8522 0.8697 0.8625 0.8670 0.8726
11 3 0.9038 0.8466 0.8539 0.8609 0.8686 0.8716 0.8851 0.8830 0.8880 0.8937
14 44 0.9304 0.8629 0.8727 0.8808 0.8886 0.8924 0.9144 0.9063 0.9118 0.9185
12 27 0.9579 0.8766 0.8873 0.8967 0.9067 0.9126 0.9365 0.9290 0.9359 0.9436
14 36 0.9816 0.8836 0.8957 0.9507 0.9170 0.9237 0.9494 0.9425 0.9499 0.9591
11 20 1.0086 0.8891 0.9003 0.9110 0.9253 0.9336 0.9589 0.9541 0.9634 0.9747
14 25 1.0595 0.8917 0.9047 0.9168 0.9297 0.9380 0.9673 0.9610 0.9710 0.9825
12 14 1.1106 0.8925 0.9049 0.9170 0.9310 0.9399 0.9695 0.9638 0.9736 0.9853
14 23 1.1351 0.8932 0.9060 0.9178 0.9314 0.9402 0.9701 0.9639 0.9741 0.9854
10 8 1.1595 0.8941 0.8050 0.9172 0.9335 0.9430 0.9686 0.9649 0.9759 0.9875
10 14 1.1796 0.8932 0.9053 0.9176 0.9317 0.9412 0.9692 0.9650 0.9746 0.9870
11 44 1.2054 0.8934 0.9058 0.9181 0.9314 0.9407 0.9706 0.9651 0.9750 0.9867
13 21 1.2262 0.8932 0.9056 0.9174 0.9315 0.9415 0.9691 0.9644 0.9753 0.9870
11 38 1.2483 0.8932 0.9056 0.9178 0.9318 0.9409 0.9700 0.9648 0.9752 0.9867
14 6 1.2714 0.8927 0.9053 0.9173 0.9319 0.9409 0.9703 0.9646 0.9750 0.9847
13 7 1.2947 0.8933 0.9040 0.9152 0.9346 0.9443 0.9676 0.9649 0.9761 0.9865




Table 6. Continued

(b) TS 107.00 to 113.00

Mlo’I at TS of—

Run Point M, 107.00 107.75 108.50 109.25 110.00 110.75 111.50 112.25 113.00
14 93 0.1000 0.0948 0.0936 0.0985 0.0971 0.0976 0.0961 0.0995 0.0965 0.0973
12 43 0.2021 0.2019 0.1814 0.1995 0.2022 0.2010 0.1890 0.2017 0.1889 0.1938
12 42 0.3015 0.3006 0.2860 0.2989 0.3006 0.2999 0.2916 0.3004 0.2925 0.2958
12 41 0.4044 0.4032 0.3908 0.4016 0.4032 0.4023 0.3969 0.4036 0.3976 0.4004
14 87 0.5028 0.4994 0.4947 0.5006 0.5008 0.5007 0.5000 0.5017 0.5000 0.5008
14 84 0.6036 0.5990 0.5932 0.5999 0.6002 0.6001 0.5992 0.6011 0.5992 0.6005
14 81 0.6535 0.6477 0.6412 0.6492 0.6496 0.6491 0.6486 0.6502 0.6487 0.6500
12 38 0.7030 0.6965 0.6848 0.6966 0.6986 0.6977 0.6947 0.6988 0.6947 0.6971
14 75 0.7285 0.7201 0.7131 0.7221 0.7229 0.7222 0.7219 0.7236 0.7219 0.7201
11 21 0.7538 0.7447 0.7375 0.7462 0.7474 0.7467 0.7464 0.7479 0.7464 0.7480
14 69 0.7795 0.7701 0.7628 0.7723 0.7730 0.7730 0.7718 0.7736 0.7721 0.7738
16 23 0.8058 0.7948 0.7883 0.7975 0.7985 0.7976 0.7988 0.7991 0.7986 0.8001
14 61 0.8284 0.8162 0.8075 0.8188 0.8199 0.8196 0.8186 0.8206 0.8188 0.8210
14 57 0.8555 0.8419 0.8334 0.8446 0.8458 0.8458 0.8447 0.8473 0.8450 0.8469
14 53 0.8809 0.8679 0.8586 0.8713 0.8727 0.8723 0.8717 0.8738 0.8719 0.8741
11 3 0.9038 0.8886 0.8804 0.8915 0.8941 0.8948 0.8944 0.8960 0.8944 0.8965
14 44 0.9304 0.9136 0.9049 0.9182 0.9206 0.9208 0.9206 0.9235 0.9213 0.9240
12 27 0.9579 0.9388 0.9308 0.9443 0.9482 0.9490 0.9500 0.9523 0.9504 0.9525
14 36 0.9816 0.9555 0.9484 0.9643 0.9684 0.9707 0.9718 0.9743 0.9723 0.9749
11 20 1.0086 0.9709 0.9675 0.9840 0.9913 0.9969 1.0049 1.0096 1.0073 0.9962
14 25 1.0595 0.9819 0.9788 0.9993 1.0090 1.0185 1.0276 1.0409 1.0469 1.0561
12 14 1.1106 0.9846 0.9826 1.0041 1.0164 1.0272 1.0398 1.0507 1.0633 1.0757
14 23 1.1351 0.9852 0.9842 1.0061 1.0181 1.0300 1.0424 1.0552 1.0684 1.0832
10 8 1.1595 0.9867 0.9888 1.0077 1.0209 1.0334 1.0493 1.0608 1.0773 1.0940
10 14 1.1796 0.9867 0.9869 1.0084 1.0219 1.0346 1.0488 1.0634 1.0787 1.0977
11 44 1.2054 0.9867 0.9869 1.0094 1.0222 1.0353 1.0480 1.0622 1.0760 1.0938
13 21 1.2262 0.9862 0.9875 1.0092 1.0223 1.0354 1.0511 1.0645 1.0802 1.0978
11 38 1.2483 0.9868 0.9865 1.0093 1.0232 1.0371 1.0511 1.0660 1.0809 1.0992
14 6 1.2714 0.9850 0.9848 1.0066 1.0214 1.0367 1.0485 1.0644 1.0798 1.0997
13 7 1.2947 0.9857 0.9895 1.0085 1.0228 1.0385 1.0565 1.0688 1.0878 1.1066

GE
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Table 6. Continued

() TS 113.75 to 119.75

Mlo’I at TS of—

Run Point M, 113.75| 114.50 115.25 116.00 116.75 117.50 118.25 119.00 119.75
14 93 0.1000 | 0.0959| 0.0986 0.1130 0.0982 0.0955 0.0979 0.0952 0.0998 0.0946
12 43 0.2021 | 0.1991| 0.2060 0.1952 0.1998 0.1883 0.1875 0.2028 0.1961 0.1971
12 42 0.3015 | 0.2988| 0.3034 0.2964 0.2991 0.2921 0.2926 0.3013 0.2975 0.2971
12 41 0.4044 | 0.4024| 0.4061 0.4003 0.4027 0.3971 0.3976 0.4041 0.4011 0.4012
14 87 0.5028 | 0.5004| 0.5019 0.5018 0.5006 0.5003 0.5014 0.5010 0.5014 0.5003
14 84 0.6036 | 0.6005| 0.6014 0.5993 0.6003 0.6000 0.6012 0.6005 0.6013 0.5998
14 81 0.6535 | 0.6493| 0.6505 0.6475 0.6492 0.6493 0.6506 0.6497 0.6500 0.6490
12 38 0.7030 | 0.6975| 0.7006 0.6972 0.6980 0.6957 0.6970 0.6991 0.6981 0.6969
14 75 0.7285 | 0.7230| 0.7243 0.7226 0.7231 0.7229 0.7245 0.7233 0.7241 0.7224
11 21 0.7538 | 0.7467| 0.7488 0.7444 0.7472 0.7477 0.7495 0.7477 0.7484 0.7470
14 69 0.7795 | 0.7731| 0.7741 0.7730 0.7731 0.7730 0.7746 0.7737 0.7742 0.7728
16 23 0.8058 | 0.7982| 0.7995 0.7984 0.7988 0.7999 0.8017 0.7984 0.7998 0.7980
14 61 0.8284 | 0.8199| 0.8217 0.8196 0.8202 0.8196 0.8209 0.8203 0.8208 0.8196
14 57 0.8555 | 0.8456| 0.8482 0.8464 0.8466 0.8464 0.8482 0.8469 0.8477 0.8460
14 53 0.8809 | 0.8731| 0.8758 0.8733 0.8734 0.8736 0.8752 0.8741 0.8748 0.8733
11 3 0.9038 | 0.8952| 0.8967 0.8957 0.8952 0.8959 0.8981 0.8957 0.8968 0.8950
14 44 0.9304 | 0.9226| 0.9254 0.9233 0.9237 0.9232 0.9251 0.9240 0.9250 0.9229
12 27 0.9579 | 0.9511| 0.9534 0.9518 0.9519 0.9522 0.9543 0.9525 0.9534 0.9518
14 36 0.9816 | 0.9731| 0.9756 0.9737 0.9733 0.9733 0.9756 0.9736 0.9748 0.9730
11 20 1.0086 | 1.0004| 1.0048 1.0005 0.9966 1.0039 1.0079 0.9987 1.0001 1.0018
14 25 1.0595 | 1.0578| 1.0588 1.0579 1.0578 1.0633 1.0626 1.0541 1.0538 1.0498
12 14 1.1106 | 1.0806| 1.0877 1.0867 1.0911 1.0960 1.1090 1.1105 1.1121 1.1095
14 23 1.1351 | 1.0921| 1.1014 1.0986 1.1096 1.1158 1.1261 1.1351 1.1391 1.1361
10 8 1.1595 | 1.1049| 1.1152 1.1166 1.1276 1.1390 1.1492 1.1572 1.1664 1.1673
10 14 1.1796 | 1.1112| 1.1258 1.1273 1.1412 1.1548 1.1670 1.1770 1.1900 1.1987
11 44 1.2054 | 1.1049| 1.1166 1.1116 1.1270 1.1357 1.1456 1.1580 1.1681 1.1702
13 21 1.2262 | 1.1098| 1.1224 1.1260 1.1342 1.1469 1.1569 1.1671 1.1815 1.1817
11 38 1.2483 | 1.1125| 1.1268 1.1249 1.1387 1.1509 1.1619 1.1734 1.1877 1.1902
14 6 1.2714 | 1.1154| 1.1313 1.1373 1.1459 1.1584 1.1709 1.1830 1.2012 1.2034
13 7 1.2947 | 1.1212| 1.1363 1.1491 1.1534 1.1703 1.1825 1.1876 1.2095 1.2154
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Table 6. Continued

(d) TS 120.50 to 126.50

Mlo’I at TS of—

Run Point M, 120.50 121.25 122.00 122.75 123.50 124.25 125.00 125.75 126.50
14 93 0.1000 0.1007 0.0964 0.0953 0.0979 0.0989 0.0966 0.0979 0.0958 0.0963
12 43 0.2021 0.2003 0.1850 0.1867 0.1973 0.2033 0.1960 0.2016 0.1977 0.2013
12 42 0.3015 0.3000 0.2895 0.2911 0.2980 0.3014 0.2972 0.3003 0.2977 0.2996
12 41 0.4044 | 0.4032 0.3958 0.3966 0.4019 0.4043 0.4015 0.4034 0.4020 0.4020
14 87 0.5028 0.5016 0.5003 0.5004 0.5016 0.5025 0.5019 0.5020 0.5019 0.4989
14 84 0.6036 0.6009 0.6003 0.5999 0.6016 0.6023 0.6016 0.6014 0.6022 0.5986
14 81 0.6535 0.6503 0.6494 0.6493 0.6510 0.6518 0.6509 0.6505 0.6517 0.6480
12 38 0.7030 0.6988 0.6945 0.6952 0.6987 0.7006 0.6988 0.6990 0.6993 0.6960
14 75 0.7285 0.7239 0.7234 0.7229 0.7244 0.7255 0.7249 0.7240 0.7257 0.7213
11 21 0.7538 0.7482 0.7482 0.7481 0.7493 0.7502 0.7499 0.7487 0.7503 0.7458
14 69 0.7795 0.7741 0.7733 0.7731 0.7750 0.7760 0.7751 0.7744 0.7759 0.7709
16 23 0.8058 0.7996 0.8003 0.7999 0.8004 0.8010 0.8018 0.8002 0.8021 0.7965
14 61 0.8284 | 0.8209 0.8198 0.8193 0.8216 0.8229 0.8219 0.8211 0.8230 0.8178
14 57 0.8555 0.8475 0.8463 0.8460 0.8485 0.8494 0.8484 0.8478 0.8491 0.8438
14 53 0.8809 0.8749 0.8737 0.8732 0.8754 0.8769 0.8756 0.8750 0.8766 0.8711
11 3 0.9038 0.8960 0.8964 0.8955 0.8978 0.8985 0.8982 0.8963 0.8984 0.8920
14 44 0.9304 | 0.9248 0.9234 0.9234 0.9254 0.9267 0.9253 0.9248 0.9264 0.9205
12 27 0.9579 0.9531 0.9531 0.9526 0.9543 0.9556 0.9546 0.9534 0.9551 0.9487
14 36 0.9816 0.9752 0.9746 0.9741 0.9762 0.9773 0.9766 0.9755 0.9771 0.9708
11 20 1.0086 1.0043 1.0037 1.0021 1.0060 1.0071 1.0041 1.0019 1.0081 0.9997
14 25 1.0595 1.0492 1.0497 1.0481 1.0481 1.0528 1.0543 1.0527 1.0559 1.0480
12 14 1.1106 1.1101 1.1087 1.1047 1.1087 1.1108 1.1109 1.1078 1.1046 1.0929
14 23 1.1351 1.1409 1.1393 1.1360 1.1368 1.1407 1.1410 1.1383 1.1418 1.1308
10 8 1.1595 1.1703 1.1791 1.1787 1.1748 1.1756 1.1770 1.1767 1.1795 1.1683
10 14 1.1796 1.1961 1.2014 1.2028 1.2084 1.2078 1.2075 1.2077 1.2104 1.2005
11 44 1.2054 1.1749 1.1802 1.1809 1.1823 1.1868 1.1873 1.1902 1.1962 1.1902
13 21 1.2262 1.1898 1.1954 1.1981 1.2005 1.2036 1.2050 1.2074 1.2146 1.2083
11 38 1.2483 1.1983 1.2037 1.2065 1.2136 1.2146 1.2185 1.2202 1.2269 1.2213
14 6 1.2714 1.2098 1.2163 1.2194 1.2267 1.2315 1.2329 1.2358 1.2451 1.2363
13 7 1.2947 1.2212 1.2345 1.2390 1.2398 1.2445 1.2525 1.2518 1.2624 1.2519
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Table 6. Continued

(e) TS 127.25 to 133.25

Mlo’I at TS of—

Run Point M, 127.25 128.00 128.75 129.50 130.25 131.00 131.75 132.50 133.25
14 93 0.1000 0.0984 0.0973 0.0999 0.1011 0.1002 0.1000 0.0996 0.0992 0.0993
12 43 0.2021 0.1933 0.1947 0.2017 0.2029 0.2015 0.2018 0.2019 0.2016 0.2020
12 42 0.3015 0.2954 0.2970 0.3006 0.3025 0.3004 0.3010 0.3011 0.3003 0.3013
12 41 0.4044 0.4003 0.4020 0.4031 0.4054 0.4023 0.4033 0.4037 0.4018 0.4038
14 87 0.5028 0.5022 0.5034 0.5017 0.5038 0.4998 0.5011 0.5017 0.4987 0.5018
14 84 0.6036 0.6026 0.6036 0.6015 0.6044 0.5994 0.6011 0.6019 0.5980 0.6023
14 81 0.6535 0.6523 0.6539 0.6514 0.6540 0.6484 0.6504 0.6513 0.6471 0.6519
12 38 0.7030 0.6990 0.7009 0.6997 0.7032 0.6968 0.6992 0.7003 0.6956 0.7013
14 75 0.7285 0.7263 0.7277 0.7250 0.7283 0.7219 0.7244 0.7256 0.7208 0.7265
11 21 0.7538 0.7514 0.7530 0.7497 0.7535 0.7468 0.7494 0.7507 0.7456 0.7517
14 69 0.7795 0.7766 0.7784 0.7754 0.7788 0.7718 0.7745 0.7749 0.7708 0.7771
16 23 0.8058 0.8037 0.8054 0.8010 0.8045 0.7973 0.8001 0.8018 0.7967 0.8033
14 61 0.8284 0.8241 0.8258 0.8224 0.8266 0.8194 0.8223 0.8239 0.8187 0.8256
14 57 0.8555 0.8503 0.8522 0.8486 0.8536 0.8459 0.8490 0.8507 0.8453 0.8524
14 53 0.8809 0.8748 0.8766 0.8743 0.8776 0.8693 0.8725 0.8742 0.8689 0.8761
11 3 0.9038 0.8998 0.9010 0.8969 0.9023 0.8931 0.8966 0.8983 0.8919 0.9000
14 44 0.9304 0.9280 0.9290 0.9253 0.9297 0.9207 0.9239 0.9255 0.9197 0.9268
12 27 0.9579 0.9569 0.9544 0.9533 0.9574 0.9480 0.9514 0.9529 0.9468 0.9542
14 36 0.9816 0.9790 0.9796 0.9756 0.9811 0.9713 0.9747 0.9762 0.9702 0.9773
11 20 1.0086 1.0095 1.0090 1.0036 1.0081 0.9980 1.0029 1.0033 0.9956 1.0045
14 25 1.0595 1.0620 1.0625 1.0560 1.0601 1.0485 1.0514 1.0547 1.0471 1.0552
12 14 1.1106 1.1052 1.1033 1.1019 1.1104 1.0977 1.1005 1.0972 1.0942 1.1030
14 23 1.1351 1.1364 1.1329 1.1263 1.1317 1.1210 1.1275 1.1306 1.1223 1.1285
10 8 1.1595 1.1846 1.1741 1.1624 1.1635 1.1498 1.1509 1.1492 1.1465 1.1554
10 14 1.1796 1.2139 1.2125 1.2007 1.1932 1.1770 1.1774 1.1740 1.1648 1.1708
11 44 1.2054 1.2077 1.2030 1.1990 1.2071 1.1920 1.1979 1.1974 1.1916 1.1978
13 21 1.2262 1.2249 1.2313 1.2243 1.2268 1.2134 1.2172 1.2205 1.2125 1.2173
11 38 1.2483 1.2391 1.2453 1.2411 1.2505 1.2330 1.2395 1.2416 1.2354 1.2415
14 6 1.2714 1.2546 1.2618 1.2597 1.2715 1.2601 1.2606 1.2639 1.2599 1.2659
13 7 1.2947 1.2742 1.2819 1.2775 1.2902 1.2796 1.2839 1.2860 1.2826 1.2874
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Table 6. Concluded

(f) TS 134.00 to 140.00

Mlo’I at TS of—

Run Point M, 134.00 134.75 135.50 136.25 137.00 137.75 138.50 139.25 140.00
14 93 0.1000 0.0998 0.1000 0.0988 0.0986 0.0986 0.0979 0.0951 0.0931 0.0956
12 43 0.2021 0.2014 0.2015 0.2011 0.2005 0.2001 0.1986 0.1935 0.1820 0.1843
12 42 0.3015 0.3004 0.3004 0.3000 0.2989 0.2984 0.2961 0.2906 0.2817 0.2781
12 41 0.4044 0.4024 0.4024 0.4021 0.4004 0.3998 0.3968 0.3914 0.3820 0.3755
14 87 0.5028 0.5002 0.5001 0.4999 0.4976 0.4969 0.4931 0.4882 0.4814 0.4690
14 84 0.6036 0.6003 0.6003 0.6002 0.5973 0.5966 0.5919 0.5862 0.5768 0.5614
14 81 0.6535 0.6498 0.6499 0.6499 0.6467 0.6461 0.6409 0.6342 0.6243 0.6063
12 38 0.7030 0.6989 0.6991 0.6994 0.6957 0.6954 0.6896 0.6814 0.6689 0.6489
14 75 0.7285 0.7251 0.7244 0.7248 0.7213 0.7206 0.7147 0.7070 0.6950 0.6734
11 21 0.7538 0.7493 0.7496 0.7501 0.7463 0.7461 0.7396 0.7315 0.7190 0.6953
14 69 0.7795 0.7747 0.7753 0.7759 0.7722 0.7718 0.7653 0.7575 0.7441 0.7186
16 23 0.8058 0.8007 0.8015 0.8024 0.7988 0.7986 0.7917 0.7837 0.7702 0.7419
14 61 0.8284 0.8231 0.8240 0.8252 0.8216 0.8212 0.8144 0.8049 0.7893 0.7597
14 57 0.8555 0.8498 0.8509 0.8522 0.8485 0.8484 0.8411 0.8306 0.8131 0.7808
14 53 0.8809 0.8748 0.8760 0.8773 0.8735 0.8735 0.8652 0.8546 0.8352 0.7994
11 3 0.9038 0.8970 0.8983 0.9001 0.8961 0.8974 0.8880 0.8763 0.8549 0.8164
14 44 0.9304 0.9235 0.9249 0.9264 0.9225 0.9223 0.9129 0.8995 0.8744 0.8315
12 27 0.9579 0.9506 0.9520 0.9537 0.9498 0.9499 0.9398 0.9243 0.8954 0.8474
14 36 0.9816 0.9735 0.9751 0.9772 0.9740 0.9756 0.9656 0.9443 0.9108 0.8583
11 20 1.0086 1.0013 1.0018 1.0029 1.0010 1.0041 1.0010 0.9884 0.9340 0.8723
14 25 1.0595 1.0491 1.0518 1.0555 1.0530 1.0539 1.0509 1.0533 1.0521 0.9605
12 14 1.1106 1.1049 1.1070 1.1096 1.1031 1.1043 1.0953 1.0986 1.1038 1.0936
14 23 1.1351 1.1229 1.1267 1.1297 1.1289 1.1333 1.1309 1.1277 1.1246 1.1153
10 8 1.1595 1.1481 1.1543 1.1570 1.1462 1.1538 1.1533 1.1563 1.1562 1.1464
10 14 1.1796 1.1668 1.1699 1.1786 1.1726 1.1758 1.1695 1.1685 1.1783 1.1013
11 44 1.2054 1.1931 1.1947 1.2034 1.1985 1.1981 1.1892 1.1834 1.1790 1.1889
13 21 1.2262 1.2147 1.2162 1.2204 1.2181 1.2183 1.2146 1.2086 1.2062 1.2039
11 38 1.2483 1.2340 1.2387 1.2382 1.2462 1.2448 1.2360 1.2337 1.2324 1.2331
14 6 1.2714 1.2595 1.2613 1.2627 1.2400 1.2410 1.2338 1.2298 1.2275 1.2310
13 7 1.2947 1.2825 1.2851 1.2860 1.2864 1.2934 1.2846 1.2793 1.2873 1.2913
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Table 7. Test-Section Mach Number Distributions From Right Side of Centerline Tube

(a) TS 129.00 to 132.75

lo.r at TS of—
Run | Point M, 129.00 | 129.50 | 130.00| 130.50| 131.00| 131.25| 131.50| 131.75| 132.00| 132.25|132.50| 132.75
14 93 0.1000 | 0.1002 | 0.0997 | 0.1002 | 0.0996 | 0.0998| 0.1004 | 0.993 | 0.1000| 0.0902| 0.1010|0.1006| 0.1028
12 43 0.2021 | 0.2027 | 0.2024 | 0.2027 | 0.2027 | 0.2027 | 0.2027 | 0.2023 | 0.3023 | 0.2970| 0.2030 | 0.2028| 0.2024
12 42 0.3015 | 0.3023 | 0.3020 | 0.3024 | 0.3025| 0.3026 | 0.3024 | 0.3021 | 0.3019| 0.2994 | 0.3027 | 0.3025| 0.3020
12 41 0.4044 | 0.4054 | 0.4051 | 0.4056 | 0.4057 | 0.4059 | 0.4055| 0.4052 | 0.4050| 0.4024 | 0.4058 | 0.4057| 0.4050
14 87 0.5028 | 0.5037 | 0.5033 | 0.5040| 0.5043| 0.5045| 0.5040| 0.5036 | 0.5035| 0.5017 | 0.5045 | 0.5043| 0.5043
14 84 0.6036 | 0.6043 | 0.6038 | 0.6047 | 0.6051| 0.6055| 0.6048 | 0.6043 | 0.6042 | 0.6028| 0.6054 | 0.6052| 0.6046
14 81 0.6535 | 0.6538 | 0.6534 | 0.6543 | 0.6548 | 0.6553 | 0.6545| 0.6540 | 0.6539 | 0.6526 | 0.6552 | 0.6551| 0.6541
12 38 0.7030 | 0.7029 | 0.7025 | 0.7035| 0.7041| 0.7048| 0.7038 | 0.7034 | 0.7031| 0.7018| 0.7046 | 0.7046| 0.7034
14 75 0.7285 0.7282 0.7278 | 0.7289| 0.7295| 0.7301| 0.7291| 0.7287| 0.7286 | 0.7274 | 0.7300|0.7300| 0.7278
11 21 0.7538 | 0.7531 | 0.7528 | 0.7539| 0.7546 | 0.7554 | 0.7542 | 0.7539| 0.7538 | 0.7563 | 0.7552|0.7552 0.7531
14 69 0.7795 | 0.7784 | 0.7780 | 0.7792| 0.7800| 0.7807 | 0.7796 | 0.7792| 0.7791| 0.7781| 0.7808 | 0.7808| 0.7788
16 23 0.8058 | 0.8040 | 0.8037 | 0.8049 | 0.8058| 0.8066 | 0.8055| 0.8053 | 0.8052 | 0.8061| 0.8068 | 0.8069| 0.8035
14 61 0.8284 | 0.8263 | 0.8260 | 0.8273| 0.8281| 0.8291| 0.8279 | 0.8275| 0.8274 | 0.8265| 0.8292 | 0.8293| 0.8267
14 57 0.8555 | 0.8532 | 0.8529 | 0.8542 | 0.8551| 0.8561 | 0.8549 | 0.8544 | 0.8543 | 0.8534 | 0.8562 | 0.8563| 0.8532
14 53 0.8809 | 0.8792 | 0.8788 | 0.8801 | 0.8809| 0.8819| 0.8805| 0.8800 | 0.8799 | 0.8790| 0.8819|0.8818| 0.8787
11 3 0.9038 | 0.9018 | 0.9014 | 0.9027 | 0.9037 | 0.9048| 0.9031 | 0.9028 | 0.9025| 0.9009 | 0.9024 | 0.9044| 0.9029
14 44 0.9304 | 0.9292 | 0.9288 | 0.9300| 0.9309| 0.9319| 0.9303 | 0.9298 | 0.9296 | 0.9286 | 0.9315|0.9315| 0.9283
12 27 0.9579 | 0.9571 | 0.9565 | 0.9578 | 0.9588| 0.9597 | 0.9580 | 0.9574 | 0.9571 | 0.9559 | 0.9589 | 0.9590 0.9571
14 36 0.9816 | 0.9807 | 0.9801 | 0.9814 | 0.9824 | 0.9833| 0.9816 | 0.9810 | 0.9807 | 0.9796 | 0.9826 | 0.9825| 0.9793
11 20 1.0086 | 1.0074 | 1.0076 | 1.0084| 1.0102| 1.0119| 1.0099| 1.0091 | 1.0080| 1.0023 | 1.0084 | 1.0085| 1.0066
14 25 1.0595 | 1.0615 | 1.0595 | 1.0605| 1.0602 | 1.0606 | 1.0592| 1.0597 | 1.0596 | 1.0572 | 1.0609 | 1.0604| 1.0581
12 14 1.1106 | 1.1092 | 1.1092 | 1.1116| 1.1105| 1.1111| 1.1082| 1.1043| 1.1017| 1.1014| 1.1078|1.1091| 1.1051
14 23 1.1351 1.1306 1.1299 | 1.1324| 1.1251| 1.1386| 1.1381| 1.1377| 1.1367 | 1.1337| 1.1344|1.1354| 1.1329
10 8 1.1595 1.1618 1.1519 | 1.1616| 1.1576| 1.1538| 1.1650| 1.1629| 1.1610| 1.1639| 1.1614|1.1641| 1.1621
10 14 1.1796 1.1750 1.1724 | 1.1758 | 1.1782| 1.1742| 1.1784| 1.1777| 1.1787| 1.1790| 1.1772|1.1863| 1.1828
11 44 1.2054 | 1.2064 | 1.2062 | 1.2052| 1.2081 | 1.2099 | 1.2069 | 1.2049| 1.2039 | 1.2017 | 1.2057 | 1.2059| 1.2029
13 21 1.2262 | 1.2307 | 1.2259 | 1.2282| 1.2281 | 1.2302 | 1.2278| 1.2275| 1.2263 | 1.2256 | 1.2277 | 1.2264| 1.2259
11 38 1.2483 1.2491 1.2493 | 1.2481| 1.2489| 1.2432| 1.2505| 1.2475| 1.2483| 1.2453 | 1.2516 | 1.2496| 1.2462
14 6 1.2714 1.2680 1.2704 | 1.2750| 1.2736 | 1.2727 | 1.2725| 1.2728| 1.2711| 1.2705| 1.2729|1.2745| 1.2682
13 7 1.2947 | 1.2866 | 1.2891 | 1.2941| 1.2981 | 1.2988| 1.2932| 1.2927 | 1.2937 | 1.2921 | 1.2966 | 1.2967| 12940
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Table 7. Continued

(b) TS 133.00 to 135.75

Mlo,r at TS of—
Run | Point M, 133.00 | 133.25| 133.50| 133.75| 134.00| 134.25| 134.50| 134.75| 135.00| 135.25|135.50| 135.75
14 93 0.1000 | 0.1001 | 0.1002| 0.0997 | 0.1009| 0.1005| 0.0999| 0.1002| 0.0994 | 0.0977| 0.999 |0.0999 0.0995
12 43 0.2021 | 0.2029 | 0.2023| 0.2024 | 0.2024 | 0.2020| 0.2026 | 0.2023 | 0.2018| 0.2022 | 0.2016 | 0.2019| 0.2015
12 42 0.3015 | 0.3025 | 0.3018| 0.3020| 0.3019| 0.3013| 0.3024| 0.3019| 0.3012| 0.3016 | 0.3007 | 0.3014| 0.3007
12 41 0.4044 | 0.4056 | 0.4045| 0.4051| 0.4049| 0.4041| 0.4057 | 0.4049| 0.4040| 0.4045| 0.4033|0.4043| 0.4034
14 87 0.5028 | 0.5043 | 0.5031| 0.5037| 0.5035| 0.5023| 0.5045| 0.5034 | 0.5023 | 0.5025| 0.5015 | 0.5027| 0.5016
14 84 0.6036 | 0.6052 | 0.6039| 0.6047 | 0.6044 | 0.6030| 0.6057 | 0.6045| 0.6030| 0.6035| 0.6021 | 0.6037| 0.6024
14 81 0.6535 | 0.6551 | 0.6536| 0.6545| 0.6543 | 0.6527 | 0.6558 | 0.6544 | 0.6528 | 0.6534 | 0.6519 | 0.6537| 0.6523
12 38 0.7030 | 0.7072 | 0.7054| 0.7065| 0.7061| 0.7046| 0.7081| 0.7065| 0.7049 | 0.7060 | 0.7039 | 0.7060| 0.7020
14 75 0.7285 | 0.7302 | 0.7284| 0.7296| 0.7293| 0.7275| 0.7313| 0.7297| 0.7297 | 0.7288 | 0.7270|0.7292| 0.7276
11 21 0.7538 | 0.7543 | 0.7536| 0.7548| 0.7545| 0.7528 | 0.7567 | 0.7550| 0.7534 | 0.7543 | 0.7522 | 0.7546| 0.7530
14 69 0.7795 | 0.7811 | 0.7792| 0.7805| 0.7803| 0.7784| 0.7825| 0.7809 | 0.7790| 0.7800| 0.7781 |0.7806| 0.7790
16 23 0.8058 | 0.8074 | 0.8053| 0.8069| 0.8046 | 0.8091| 0.8074| 0.8074| 0.8053 | 0.8071 | 0.8046 |0.8073| 0.8057
14 61 0.8284 | 0.8297 | 0.8277| 0.8293| 0.8290| 0.8270| 0.8317| 0.8300| 0.8281| 0.8293 | 0.8273|0.8302| 0.8258
14 57 0.8555 | 0.8567 | 0.8546| 0.8562 | 0.8561 | 0.8540| 0.8589 | 0.8571| 0.8551 | 0.8564 | 0.8544 | 0.8575| 0.8557
14 53 0.8809 | 0.8823 | 0.8800| 0.8817 | 0.8816| 0.8793| 0.8844 | 0.8825| 0.8803 | 0.8817 | 0.8796 | 0.8829| 0.8810
11 3 0.9038 | 0.9038 | 0.9025| 0.9045| 0.9041| 0.9019| 0.9073| 0.9052| 0.9037 | 0.9044 | 0.9025 |0.9061| 0.9042
14 44 0.9304 | 0.9319 | 0.9293| 0.9311| 0.9308| 0.9283| 0.9338| 0.9318| 0.9296 | 0.9310| 0.9288 |0.9322| 0.9303
12 27 0.9579 | 0.9595 | 0.9565| 0.9586 | 0.9580 | 0.9553| 0.9613| 0.9591 | 0.9569 | 0.9589 | 0.9560 | 0.9597| 0.9578
14 36 0.9816 | 0.9829 | 0.9799| 0.9819| 0.9816| 0.9787 | 0.9847 | 0.9825| 0.9802 | 0.9818 | 0.9795 | 0.9835| 0.9817
11 20 1.0086 | 1.0083 | 1.0071| 1.0098 | 1.0098| 1.0065| 1.0128| 1.0101| 1.0048| 1.0075| 1.0051 | 1.0092| 1.0078
14 25 1.0595 | 10.625 | 1.0583| 1.0584 | 10.579| 1.0550| 1.0615| 10.594 | 1.0573| 1.0592| 1.0577 |1.0629| 1.0609
12 14 1.1106 | 1.1071 |1.1069| 1.1130| 1.1129| 1.1109| 1.1176| 1.1132| 1.1122| 1.1143| 1.1108|1.1175| 1.1155
14 23 1.1351 | 1.1367 | 1.1307| 1.1315| 1.1326| 1.1296| 1.1348| 1.1343| 1.1356| 1.1354| 1.1305|1.0369| 1.1368
10 8 1.1595 | 1.1618 | 1.1591| 1.1616| 1.1576| 1.1538| 1.1650| 1.1629 | 1.1610| 1.1639| 1.1614 |1.1641| 1.1621
10 14 1.1796 | 1.1750 | 1.1725| 1.1758| 1.1782| 1.1742| 1.1784| 1.1777| 1.1787| 1.1790| 1.1772|1.1863| 1.1828
11 44 1.2054 | 1.2069 | 1.1994| 1.2034| 1.2056| 1.2046| 1.2104| 1.2034| 1.2010| 1.2066 | 1.2033|1.2108| 1.2090
13 21 1.2262 | 1.2278 | 1.2230| 1.2227 | 1.2250| 1.2226| 1.2297| 1.2270| 1.2209| 1.2228| 1.2232|1.2282| 1.2264
11 38 1.2483 | 1.2484 | 1.2460| 1.2489 | 1.2449| 1.2436| 1.2526 | 1.2517 | 1.2459 | 1.2427 | 1.2394 | 1.2505| 1.2495
14 6 1.2714 | 1.2740 | 1.2687| 1.2726| 1.2705| 1.2665| 1.2752| 1.2727| 1.2715| 1.2718| 1.2670|1.2680| 1.2674
13 7 1.2947 | 1.2977 | 1.2918] 1.2962 | 1.2951| 1.2937| 1.2980| 1.2930| 1.2927 | 1.2972| 1.2925|1.2969| 1.2890
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Table 7. Concluded

(c) TS 136.00 to 140.00

MIO’r at TS of—

Run | Point M, 136.00 | 136.25 | 136.50 | 136.75 | 137.50 | 137.75| 138.00 | 138.50 | 139.00 | 139.50 | 140.00
14 93 0.1000 0.1003 | 0.0995 | 0.0993 | 0.0990 | 0.0995 | 0.0989 | 0.0991 | 0.980 0.0969 | 0.0963 | 0.0936
12 43 0.2021 0.2018 | 0.2010 | 0.2009 | 0.2008 | 0.1998 | 0.1996 | 0.1995 | 0.1982 | 0.1968 | 0.1947 | 0.1904
12 42 0.3015 0.3010 | 0.2999 | 0.2998 | 0.2996 | 0.2981 | 0.2978 | 0.2976 | 0.2956 | 0.2936 | 0.2902 | 0.2839
12 41 0.4044 0.4038 | 0.4022 | 0.4022 | 0.4018 | 0.3998 | 0.3993 | 0.3990 | 0.3964 | 0.3934 | 0.3888 | 0.3799
14 87 0.5028 0.5021 | 0.5001 | 0.5001 | 0.4996 | 0.4970 | 0.4963 | 0.4960 | 0.4925 | 0.4886 | 0.4826 | 0.4710
14 84 0.6036 0.6031 | 0.6006 | 0.6006 | 0.6001 | 0.5968 | 0.5959 | 0.5955 | 0.5911 | 0.5862 | 0.5784 | 0.5636
14 81 0.6535 0.6531 | 0.6504 | 0.6504 | 0.6498 | 0.6463 | 0.6453 | 0.6448 | 0.6399 | 0.6343 | 0.6256 | 0.6088
12 38 0.7030 0.7029 | 0.6998 | 0.7000 | 0.6994 | 0.6955 | 0.6944 | 0.6938 | 0.6885 | 0.6823 | 0.6724 | 0.6536
14 75 0.7285 0.7285 | 0.7255 | 0.7256 | 0.7250 | 0.7208 | 0.7198 | 0.7191 | 0.7135| 0.7069 | 0.6963 | 0.6762
11 21 0.7538 0.7540 | 0.7508 | 0.7509 | 0.7503 | 0.7461 | 0.7449 | 0.7442 | 0.7381 | 0.7311 | 0.7197 | 0.6983
14 69 0.7795 0.7801 | 0.7768 | 0.7770 | 0.7764 | 0.7721 | 0.7709 | 0.7701 | 0.7637 | 0.7561 | 0.7440 | 0.7204
16 23 0.8058 0.8068 | 0.8035 | 0.8037 | 0.8032 | 0.7987 | 0.7975 | 0.7967 | 0.7899 | 0.7818 | 0.7687 | 0.7439
14 61 0.8284 0.8300 | 0.8265 | 0.8267 | 0.8263 | 0.8217 | 0.8205 | 0.8196 | 0.8125 | 0.8037 | 0.7896 | 0.7632
14 57 0.8555 0.8573 | 0.8537 | 0.8540 | 0.8536 | 0.8489 | 0.8474 | 0.8465 | 0.8386 | 0.8290 | 0.8133 | 0.7846
14 53 0.8809 0.8826 | 0.8788 | 0.8791 | 0.8786 | 0.8736 | 0.8719 | 0.8706 | 0.8618 | 0.8509 | 0.8336 | 0.8026
11 3 0.9038 0.9058 | 0.9022 | 0.9025 | 0.9022 | 0.8970 | 0.8950 | 0.8940 | 0.8843 | 0.8725 | 0.8536 | 0.8203
14 44 0.9304 0.9322 | 0.9282 | 0.9284 | 0.9281 | 0.9221 | 0.9200 | 0.9181 | 0.9070 | 0.8928 | 0.8712 | 0.8346
12 27 0.9579 0.9597 | 0.9556 | 0.9559 | 0.9558 | 0.9496 | 0.9471 | 0.9446 | 0.9314 | 0.9145 | 0.8897 | 0.8497
14 36 0.9816 0.9839 | 0.9803 | 0.9807 | 0.9811 | 0.9762 | 0.9734 | 0.9703 | 0.9541 | 0.9336 | 0.9051 | 0.8616
11 20 1.0086 1.0107 | 1.0075 | 1.0083 | 1.0096 | 1.0085 | 1.0095 | 1.0117 | 0.9952 | 0.9583 | 0.9216 | 0.8739
14 25 1.0595 1.0634 | 1.0594 | 1.0583 | 1.0591 | 1.0582 | 1.0598 | 1.0616 | 1.0643 | 1.0658 | 1.0617 | 0.9658
12 14 1.1106 1.1149 | 1.1096 | 1.1085 | 1.1092 | 1.1070 | 1.1057 | 1.1064 | 1.1103 | 1.1149 | 1.1196 | 1.0951
14 23 1.1351 1.1409 | 1.1365 | 1.1339 | 1.1377 | 1.1387 | 1.1411 | 1.1436 | 1.1401 | 1.1422 | 1.1413 | 1.1087
10 8 1.1595 1.1633 | 1.1547 | 1.1525| 1.1538 | 1.1620 | 1.1644 | 1.1674 | 1.1697 | 1.1697 | 1.1731 | 1.1420
10 14 1.1796 1.1830 | 1.1803 | 1.1802 | 1.1818 | 1.2170 | 1.1837 | 1.1707 | 1.1868 | 1.1915| 1.1929 | 1.0814
11 44 1.2054 1.2099 | 1.2051 | 1.2017 | 1.2034 | 1.1992 | 1.1993 | 1.2008 | 1.1957 | 1.2006 | 1.1970 | 1.1971
13 21 1.2262 1.2304 | 1.2293 | 1.2263 | 1.2255 | 1.2239 | 1.2235| 1.2216 | 1.2223 | 1.2225 | 1.2174 | 1.2055
11 38 1.2483 1.2516 | 1.2500 | 1.2498 | 1.2487 | 1.2472 | 1.2507 | 1.2502 | 1.2476 | 1.2489 | 1.2488 | 1.2409
14 6 1.2714 1.2731 | 1.2708 | 1.2722 | 1.2764 | 1.2687 | 1.2717 | 1.2719 | 1.2695 | 1.2759 | 1.2727 | 1.2704
13 7 1.2947 1.2974 | 1.2967 | 1.2914 | 1.2955 | 1.2942 | 1.2968 | 1.2938 | 1.2947 | 1.2949 | 1.2990 | 1.2977
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Table 8. Test-Section Pressure Distributions From Right Side of Centerline Tube

(a) TS 129.00 to 132.75

plo’r /pt’00 at TS of—

Run | Point M; 129.00 | 129.50| 130.00| 130.50| 131.00| 131.25| 131.50| 131.75| 132.00| 132.25| 132.50| 132.75
14 93 0.1000 | .99300| .99307 | .99300 | .99309 | .99306 | .99297 | .99312| .99304 | .99432| .99289 | .99295| .99263
12 43 0.2021 | .97176| .97184 | .97177| 97176 | .97177| .97176| .97186| .97189 | .97330| .97169| .97172| .97184
12 42 0.3015 | .93856 | .93868 | .93853 | .93849 | .93847 | .93853| .93867 | .93873 | .93972 | .93842 | .93848| .93870
12 41 0.4044 | .89300| .89315| .89290 | .89282 | .89274 | .89292 | .89310| .89319 | .89443 | .89276 | .89284 | .89318
14 87 0.5028 | .84091 | .84114| .84075| .84059 | .84047 | .84077| .84099 | .84105| .84205| .84049 | .84060 | .84058
14 84 0.6036 | .78140| .78164 | .78111| .78085| .78064 | .78108 | .78134 | .78140| .78231| .78066 | .78078| .78116
14 81 0.6535 | .75042| .75067 | .75010 | .74976 | .74949| .75001| .75030| .75036 | .75119 | .74951| .74963| .75022
12 38 0.7030 | .71907| .71929| .71864 | .71828 | .71784| .71849| .71875| .71890| .71979| .71796 | .71800| .71875
14 75 0.7285 | .70274| .70301| .70229| .70188| .70148| .70211| .70238 | .70248 | .70322 | .70153 | .70158 | .70297
11 21 0.7538 | .68653| .68674 | .68602 | .68557 | .68506 | .68582 | .68605| .68613 | .68448 | .68520| .68521 | .68599
14 69 0.7795 | .67011| .67034| .66958 | .66908 | .66858 | .66929 | .66955| .66961 | .67029 | .66854 | .66856 | .66985
16 23 0.8058 | .65341| .65363 | .65282| .65226 | .65170| .65243 | .65258 | .65264 | .65204 | .65159 | .65154 | .65373
14 61 0.8284 | .63891| .63912| .63826 | .63772| .63711| .63786| .63810| .63820| .63880 | .63703| .63697 | .63862
14 57 0.8555 | .62143| .62163| .62076 | .62024 | .61955| .62036 | .62066 | .62073 | .62132 | .61945| .61945| .62142
14 53 0.8809 | .60463| .60492| .60406 | .60353 | .60287 | .60377 | .60409 | .60418 | .60476 | .60292 | .60298 | .60496
11 3 0.9038 | .59014 | .59038 | .58955| .58889 | .58815| .58927 | .58947 | .58965| .59070 | .58856 | .58842| .58938
14 44 0.9304 | .57259| .57291| .57209| .57152| .57091| .57189 | .57223| .57237 | .57303 | .57118 | .57118 | .57322
12 27 0.9579 | .55498| .55536 | .55454 | .55395| .55334 | .55441| .55478 | .55499 | .55575| .55383| .55377| .55497
14 36 0.9816 | .54021| .54058| .53979 | .53916 | .53860| .53970| .54008 | .54025| .54094 | .53906 | .53911| .54111
11 20 1.0086 | .52374| .52362| .52314| .52204 | .52098 | .52219 | .52268 | .52339 | .52688 | .52312 | .52305| .52421
14 25 1.0595 | .49100| .49221| .49162| .49180| .49153| .49239| .49209 | .49215| .49358 | .49135| .49168 | .49304
12 14 1.1106 | .46302| .46302| .46162| .46226 | .46196 | .46359 | .46588 | .46735| .46755| .46383 | .46311| .46539
14 23 1.1351 | .45078 | .45118| .44976 | .44823 | .44625| .44652 | .44675| .44729| 44902 | .44860 | .44803 | .44948
10 8 1.1595 | .42991 | .43308| .43164 | .43268 | .43311| .43475| .43662| .43673| .43759 | .43494 | .43425| .43526
10 14 1.1796 | .40984 | .41649| .41729| 41744 | .41886| .42033| .42179| .42280 | .42577 | .42346 | .42365| .42559
11 44 1.2054 | .40895| .40905| .40960| .40805| .40707 | .40868 | .40974 | .41028 | .41144 | .40934 | .40923 | .41081
13 21 1.2262 | .39606 | .39862| .39740| .39744 | .39635| .39759 | .39775| .39840| .39876 | .39766 | .39834 | .39862
11 38 1.2483 | .38651| .38644 | .38706 | .38661 | .38442 | .38582| .38733| .38695| .38849 | .38524 | .38624 | .38800
14 6 1.2714 | .37685| .37568 | .37331| .37406 | .37451| .37461| .37446| .37530| .37563 | .37440| .37359 | .37676
13 7 1.2947 | .36754| .36628 | .36381| .36184 | .36153 | .36428 | .36453| .36400| .36481 | .36260 | .36256 | .36385




4%

Table 8. Continued

(b) TS 133.00 to 135.75

plo’r /pt’00 at TS of—

Run | Point M; 133.00 | 133.25| 133.50| 133.75| 134.00| 134.25| 134.50| 134.75| 135.00| 135.25| 135.50| 135.75
14 93 0.1000 | .99302| .99301| .99307 | .99290 | .99296 | .99304 | .99300| .99312 | .99334 | .99305| .99304 | .99310
12 43 0.2021 | .97172| .97186| .97185| .97185| .97195| .97178| .97187| .97200| .97191 | .97207 | .97197| .97209
12 42 0.3015 | .93850| .93877| .93869 | .93874 | .93896 | .93853| .93872| .93901 | .93884 | .93919 | .93894 | .93920
12 41 0.4044 | .89286| .89330| .89311| .89322 | .89362 | .89284 | .89323| .89366 | .89341 | .89400 | .89353| .89396
14 87 0.5028 | .84062| .84126| .84095| .84107 | .84173| .84051| .84108 | .84175| .84162 | .84219| .84149| .84211
14 84 0.6036 | .78078| .78162| .78113| .78129| .78217 | .78049 | .78126| .78217 | .78187 | .78271| .78171| .78253
14 81 0.6535 | .74958| .75054 | .74996 | .75012 | .75112| .74915| .75003 | .75107 | .75069 | .75162 | .75047 | .75137
12 38 0.7030 | .71787| .71902| .71828 | .71856| .72955| .71728| .71831| .71935| .71862 | .72002 | .71863 | .72965
14 75 0.7285 | .70143| .70257| .70179| .70201| .70318| .70070| .70177 | .70292 | .70236 | .70353| .70208 | .70312
11 21 0.7538 | .68577| .68624 | .68543 | .68567 | .68678 | .68422| .68532| .68635| .68578 | .68711| .68558 | .68664
14 69 0.7795 | .66835| .66958 | .66870 | .66885| .67011| .66740| .66848| .66971 | .66905| .67029 | .66864 | .66973
16 23 0.8058 | .65121| .65254 | .65151| .65179| .65302| .65007 | .65121| .65255| .65143 | .65302 | .65126 | .65234
14 61 0.8284 | .63667 | .63799| .63697 | .63714 | .63848 | .63537| .63651| .63771| .63695| .63822 | .63639 | .63746
14 57 0.8555 | .61915| .62052| .61948 | .61958 | .62094 | .61775| .61892| .62020| .61939 | .62065| .61867 | .61981
14 53 0.8809 | .60261| .60409 | .60300 | .60310| .60455| .60129 | .60253| .60390 | .60304 | .60438 | .60227 | .60350
11 3 0.9038 | .58880| .58967 | .58835| .58861 | .59004 | .58658 | .58791| .58886 | .58847 | .58969 | .58738| .58856
14 44 0.9304 | .57091| .57257| .57142| .57159| .57320| .56968 | .57099 | .57236 | .57145| .57290| .57069 | .57190
12 27 0.9579 | .55348| .55535| .55408 | .55444 | 55611 | .55234 | .55374 | .55512| .55386 | .55571| .55339 | .55457
14 36 0.9816 | .53887| .54072| .53948 | .53965| .54148 | .53774| .53912| .54057 | .53953 | .54097 | .53850| .53963
11 20 1.0086 | .52318| .52394 | .52223| .52223| .52429| .52043| .52208 | .52534 | .52368 | .52511| .52261| .52351
14 25 1.0595 | .49040 | .49292| .49284 | .49317 | 49489 | .49101| .49224 | .49351| .49240| .49328 | .49019 | .49137
12 14 1.1106 | .46422| .46434 | .46085| .46087 | .46202 | .45817 | .46071| .46132| .46007 | .46208 | .45827 | .45942
14 23 1.1351 | .44734| .45071| .45028 | .44966 | .45135| .44837 | .44867 | .44795| 44803 | .45084 | 44719 | .44727
10 8 1.1595 | .43326| .43473| .43337| .43557 | .43770| .43149| .43262| .43371| .43209 | .43345| .43196 | .43306
10 14 1.1796 | 42599 | .42741| .42554 | 42419 | 42643 | 42411 | .42449| .42395| 42380 | .42474| .41980| .42168
11 44 1.2054 | .40867 | .41268| .41054 | .40935| .40993 | .40680 | .41058| .41183| .40882 | .41062 | .40658 | .40753
13 21 1.2262 | .39758 | .40012| .40027 | .39906 | .40035| .39663 | .39803| .40124 | .40024 | .40001 | .39737| .39832
11 38 1.2483 | .38686 | .38812| .38661| .38871 | .38934 | .38470| .38518| .38818 | .38981 | .39152 | .38583 | .38631
14 6 1.2714 | .37384| .37652| .37457| .37563 | .37764| .3721 | .37451| .37512| .37496 | .37738| .37685| .37718
13 7 1.2947 | .36203| .36495| .36276| .36330 | .36401 | .36188 | .36437 | .36449 | .36230 | .36462 | .36243 | .36633
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Table 8. Concluded

(c) TS 136.00 to 140.00

plo’r /pt’00 at TS of—

Run | Point M; 136.00 | 136.25| 136.50| 136.75| 137.50| 137.75| 138.00| 138.50| 139.00| 139.50| 140.00
14 93 0.1000 | .99299| .99311| .99313| .99317 | .99310| .99319| .99315| .99331 | .99345| .99354 | .99386
12 43 0.2021 | .97200| .97223| .97226| .97228 | .97254 | .97260| .97263 | .97298 | .97335| .97391| .97503
12 42 0.3015 | .93907 | .93950| .93954 | .93962 | .94019| .94031| .94040| .94115| .94194 | .94321| .94559
12 41 0.4044 | .89377| .89454 | .89455| .89472| .89573| .89595| .89611| .89737 | .89880 | .90100 | .90519
14 87 0.5028 | .84183| .84296 | .84295| .84322 | .84469 | .84507 | .84528 | .84721| .84938 | .85268 | .85902
14 84 0.6036 | .78211| .78365| .78362 | .78397 | .78596 | .78649 | .78678 | .78944 | .79245| .79717| .80609
14 81 0.6535 | .75089 | .75257 | .75258 | .75294 | .75517| .75580| .75614 | .75920| .76269 | .76817 | .77858
12 38 0.7030 | .71908 | .72108 | .72094 | .72131| .72382| .72450| .72491| .72832| .73227 | .73860 | .75058
14 75 0.7285 | .70249| .70449 | .70441| .70481| .70748| .70812| .70858 | .71223| .71652 | .72332| .73621
11 21 0.7538 | .68595| .68805| .68796 | .68835| .69111| .69192| .69232| .69627 | .70086 | .70822 | .72202
14 69 0.7795 | .66896| .67115| .67103 | .67138 | .67420| .67498| .67548 | .67966 | .68459 | .69248 | .70740
16 23 0.8058 | .65158| .65376| .65361 | .65392 | .65688 | .65766 | .65819 | .66261 | .66789 | .67643 | .69255
14 61 0.8284 | .63652| .63897 | .63861 | .63890 | .64189 | .64267 | .64325| .64790| .65359 | .66280 | .68001
14 57 0.8555 | .61877| .62109 | .62094 | .62120| .62421| .62517 | .62581 | .63089 | .63718 | .64734 | .66604
14 53 0.8809 | .60242| .60489 | .60472| .60502 | .60826 | .60935| .61018 | .61585| .62290 | .63412| .65435
11 3 0.9038 | .58757| .58983 | .58965| .58986 | .59316 | .59445| .59510| .60133 | .60897 | .62119| .64279
14 44 0.9304 | .57074| .57325| .57314| .57335| .57711| .57845| .57968 | .58680 | .59585 | .60981 | .63350
12 27 0.9579 | .55334| .55590| .55571 | .55582 | .55973| .56130| .56287 | .57122| .58195| .59786 | .62373
14 36 0.9816 | .53824 | .54050| .54026 | .53997 | .54304 | .54479| .54673| .55685| .56984 | .58798 | .61599
11 20 1.0086 | .52168| .52365| .52315| .52237 | .52307 | .52245| .52107| .53123| .55427 | .55747 | .60807
14 25 1.0595 | .48985| .49228 | .49291| .49245| 49294 | .49204 | .49097 | .48932| .48845| .49086 | .54955
12 14 1.1106 | .45973| .46280| .46341| .46300 | .46429 | .46507 | .46467 | .46237| .45972| 45702 | .47118
14 23 1.1351 | 44497 | .44743| .44889| 44677 | 44617 | .44485| .44343| .44537| 44424 | 44473 | .46329
10 8 1.1595 | .43243| 43721 | .43843| .43767 | .43313| .43179| .43017| .42888| .42887 | .42700 | .44432
10 14 1.1796 | .42158 | .42308 | .42313| .42225| 40328 | .42123 | .42833| .41951| .41695| .41620| .47924
11 44 1.2054 | .40706 | .40962 | .41145| .41053| .41279| .41273| .41196| .41468| .41206 | .41401| .41392
13 21 1.2262 | .39625| .39683| .39841| .39880 | .39964 | .39987 | .40084 | .40047| .40037 | .40308 | .40945
11 38 1.2483 | .38521| .38605| .38617| .38670 | .38750| .38570| .38598 | .38730| .38662 | .38666 | .39076
14 6 1.2714 | .37431| .37543| .37475| .37265| .37649 | .37501| .37489| .37613| .37287 | .37452 | .37556
13 7 1.2947 | .36353| .36254 | .36517| .36314 | .36377 | .36251| .36397| .36351| .36342 | .36141 | .36204
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Table 9. Wind Tunnel Wall Mach Number Distributions

(a) TS 108.0 to 114.5

MIO’WaII at TS of—

Run Point M, 108.0 108.5 110.0 111.0 111.5 113.0 1135 114.5
14 93 0.1000 0.0997 0.0995 0.0981 0.0979 0.0983 0.0970 0.1070 0.1012
12 43 0.2021 0.2013 0.2016 0.2009 0.2004 0.1995 0.2003 0.2003 0.2005
12 42 0.3015 0.3004 0.3012 0.3000 0.3000 0.2987 0.3007 0.2995 0.2995
12 41 0.4044 0.4026 0.4034 0.4029 0.4029 0.4011 0.4043 0.4019 0.4021
14 87 0.5028 0.5008 0.5021 0.5012 0.5010 0.4994 0.5035 0.4998 0.5000
14 84 0.6036 0.6005 0.6025 0.6012 0.6009 0.5984 0.6036 0.5992 0.5995
14 81 0.6535 0.6495 0.6516 0.6498 0.6498 0.6472 0.6531 0.6481 0.6484
12 38 0.7030 0.6973 0.6997 0.6985 0.6977 0.6949 0.7014 0.6960 0.6957
14 75 0.7285 0.7227 0.7245 0.7239 0.7231 0.7201 0.7273 0.7217 0.7210
11 21 0.7538 0.7475 0.7496 0.7484 0.7477 0.7446 0.7519 0.7548 0.7455
14 69 0.7795 0.7718 0.7746 0.7734 0.7732 0.7696 0.7772 0.7712 0.7710
16 23 0.8058 0.7981 0.8002 0.7994 0.7985 0.7950 0.8028 0.7965 0.7965
14 61 0.8284 0.8190 0.8217 0.8209 0.8200 0.8165 0.8245 0.8181 0.8181
14 57 0.8555 0.8453 0.8479 0.8476 0.8466 0.8431 0.8517 0.8447 0.8450
14 53 0.8809 0.8705 0.8735 0.8735 0.8725 0.8691 0.8780 0.8711 0.8711
11 3 0.9038 0.8926 0.8959 0.8962 0.8956 0.8923 0.9011 0.8936 0.8936
14 44 0.9304 0.9181 0.9217 0.9236 0.9233 0.9193 0.9289 0.9216 0.9215
12 27 0.9579 0.9433 0.9479 0.9512 0.9510 0.9474 0.9569 0.9491 0.9487
14 36 0.9816 0.9629 0.9680 0.9739 0.9747 0.9705 0.9801 0.9726 0.9721
11 20 1.0086 0.9823 0.9894 1.0014 1.0055 1.0016 1.0055 0.9986 0.9999
14 25 1.0595 0.9976 1.0062 1.0254 1.0351 1.0358 1.0565 1.0488 1.0508
12 14 1.1106 1.0044 1.0141 1.0353 1.0487 1.0511 1.0788 1.0729 1.0767
14 23 1.1351 1.0054 1.0159 1.0387 1.0545 1.0578 1.0891 1.0853 1.0908
10 8 1.1595 1.0088 1.0204 1.0443 1.0628 1.0672 1.1029 1.1006 1.1090
10 14 1.1796 1.0095 1.0212 1.0466 1.0674 1.0727 1.1115 1.1105 1.1226
11 44 1.2054 1.0085 1.0201 1.0439 1.0628 1.0667 1.1019 1.0996 1.1081
13 21 1.2262 1.0096 1.0214 1.0459 1.0652 1.0701 1.1075 1.1055 1.1159
11 38 1.2483 1.0101 1.0219 1.0469 1.0675 1.0720 1.1096 1.1086 1.1200
14 6 1.2714 1.0092 1.0216 1.0476 1.0689 1.0743 1.1149 1.1139 1.1279
13 7 1.2947 1.0125 1.0246 1.0506 1.0734 1.0792 1.1203 1.1197 1.1345
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Table 9. Continued

(b) TS 115.0to 125.5

MIO’WaII at TS of—

Run Point M, 115.0 116.0 117.0 119.5 121.0 123.5 124.0 125.5
14 93 0.1000 | 0.1002| 0.0995 0.1002 0.1003 0.0995 0.0995 0.1014 | 0.0993
12 43 0.2021 | 0.1997| 0.2013 002001 0.1996 0.2009 0.2011 0.2022 | 0.2006
12 42 0.3015 | 0.2991| 0.3011 0.2993 0.2989 0.2999 0.3004 0.3016 | 0.3004
12 41 0.4044 | 0.4013| 0.4030 004017 0.4010 0.4025 0.4028 0.4033 | 0.4031
14 87 0.5028 | 0.4994| 0.5018 0.4993 0.4986 0.5010 0.5009 0.5022 | 0.5014
14 84 0.6036 | 0.5987| 0.6015 0.5989 0.5981 0.6007 0.6007 0.6019 | 0.6012
14 81 0.6535 | 0.6471| 0.6508 0.6477 0.6462 0.6495 0.6498 0.6513 | 0.6505
12 38 0.7030 | 0.6951| 0.6991 0.6951 0.6941 0.6974 0.6987 0.6992 | 0.6986
14 75 0.7285 | 0.7201| 0.7245 0.7205 0.7195 0.7231 0.7234 0.7250 | 0.7237
11 21 0.7538 | 0.7445| 0.7495 0.7450 0.7434 0.7474 0.7480 0.7495 | 0.7489
14 69 0.7795 | 0.7698| 0.7743 0.7702 0.7689 0.7725 0.7729 0.7746 | 0.7734
16 23 0.8058 | 0.7954| 0.8004 0.7958 0.7939 0.7985 0.7990 0.8010 | 0.7993
14 61 0.8284 | 0.8166| 0.8216 0.8176 0.8152 0.8199 0.8201 0.8220 | 0.8211
14 57 0.8555 | 0.8435| 0.8488 0.8438 0.8416 0.8468 0.8468 0.8491 | 0.8478
14 53 0.8809 | 0.8693| 0.8751 0.8699 0.8682 0.8730 0.8732 0.8752 | 0.8741
11 3 0.9038 | 0.8921| 0.8977 0.8926 0.8901 0.8958 0.8959 0.8980 | 0.8966
14 44 0.9304 | 0.9196| 0.9257 0.9204 0.9183 0.9240 0.6242 0.9259 | 0.9247
12 27 0.9579 | 0.9472| 0.9532 0.9478 0.9455 0.9516 0.9522 0.9543 | 0.9526
14 36 0.9816 | 0.9697| 0.9763 0.9704 0.9682 0.9745 0.9747 0.9772 | 0.9762
11 20 1.0086 | 0.9977| 1.0027 0.9980 0.9949 1.0017 1.0028 1.0047 | 1.0031
14 25 1.0595 | 1.0496| 1.0616 1.0554 1.0461 1.0491 1.0511 1.0534 | 1.0547
12 14 1.1106 | 1.0774| 1.0933 1.0934 1.0990 1.1070 1.1047 1.1070 | 1.1030
14 23 1.1351 | 1.0922| 1.1103 1.1121 1.1211 1.1351 1.1364 1.1373 | 1.1340
10 8 1.1595 | 1.1100| 1.1303 1.1329 1.1489 1.1681 1.1738 1.1758 | 1.1712
10 14 1.1796 | 1.1236| 1.1450 1.1501 1.1730 1.1908 1.2024 1.2072 | 1.2008
11 44 1.2054 | 1.1094| 1.1298 1.1330 1.1517 1.1733 1.1886 1.1906 | 1.1923
13 21 1.2262 | 1.1170| 1.1383 1.1428 1.1649 1.1855 1.2053 1.2028 | 1.2100
11 38 1.2483 | 1.1211| 1.1428 1.1491 1.1731 1.1935 1.2173 1.2206 | 1.2243
14 6 1.2714 | 1.1291| 1.1514 1.1587 1.1874 1.2083 1.2342 1.2403 | 1.2431
13 7 1.2947 | 1.1358| 1.1592 1.1664 1.1956 1.2200 1.2457 1.2444 | 1.2584
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Table 9. Continued

(c) TS 126.0 to 130.0

MIO’WaII at TS of—

Run Point M, 126.0 126.5 127.0 127.5 128.0 129.0 129.5 130.0
14 93 0.1000 | 0.1016| 0.0986 0.1012 0.0996 0.1002 0.1019 0.1013 0.0994
12 43 0.2021 | 0.2016| 0.2004 0.2002 0.2000 0.2014 0.2012 0.2007 0.1996
12 42 0.3015 | 0.3007| 0.2998 0.2999 0.3001 0.3016 0.3001 0.2993 0.2985
12 41 0.4044 | 0.4036| 0.4020 0.4024 0.4029 0.4035 0.4021 0.4010 0.4005
14 87 0.5028 | 0.5024| 0.5000 0.5006 0.5016 0.5019 0.4999 0.4985 0.4981
14 84 0.6036 | 0.6025| 0.5992 0.6002 0.6014 0.6020 0.5991 0.5976 0.5969
14 81 0.6535 | 0.6520| 0.6486 0.6497 0.6504 0.6511 0.6481 0.6486 0.6458
12 38 0.7030 | 0.6998| 0.6962 0.6972 0.6984 0.6991 0.6959 0.6942 0.6937
14 75 0.7285 | 0.7257| 0.7217 0.7231 0.7241 0.7250 0.7217 0.7198 0.7188
11 21 0.7538 | 0.7504| 0.7495 0.7474 0.7486 0.7496 0.7464 0.7443 0.7434
14 69 0.7795 | 0.7754| 0.7711 0.7724 0.7735 0.7744 0.7709 0.7691 0.7679
16 23 0.8058 | 0.8013| 0.7968 0.7985 0.7997 0.8008 0.7968 0.7950 0.7940
14 61 0.8284 | 0.8526| 0.8477 0.8489 0.8508 0.8517 0.8473 0.8444 0.8154
14 57 0.8555 | 0.8502| 0.8451 0.8468 0.8483 0.8496 0.8450 0.8424 0.8419
14 53 0.8809 | 0.8761| 0.8707 0.8722 0.8738 0.8750 0.8706 0.8683 0.8675
11 3 0.9038 | 0.8990| 0.8931 0.8948 0.8963 0.8973 0.8931 0.8905 0.8896
14 44 0.9304 | 0.9272| 0.9217 0.9230 0.9246 0.9258 0.9211 0.9183 0.9171
12 27 0.9579 | 0.9551| 0.9488 0.9508 0.9520 0.9535 0.9484 0.9452 0.9443
14 36 0.9816 | 0.9784| 0.9727 0.9739 0.9757 0.9771 0.9721 0.9687 0.9674
11 20 1.0086 | 1.0063| 0.996 1.0010 1.0027 1.0039 0.9991 0.9959 0.9945
14 25 1.0595 | 1.0583| 1.0514 1.0507 1.0531 1.0574 1.0525 1.0498 1.0481
12 14 1.1106 | 1.1069| 1.1005 1.1015 1.1032 1.1006 1.0945 1.0904 1.0906
14 23 1.1351 | 1.1360| 1.1292 1.1289 1.1326 1.1341 1.1259 1.1208 1.1205
10 8 1.1595 | 1.1728| 1.1640 1.1639 1.1659 1.1664 1.1589 1.1546 1.0874
10 14 1.1796 | 1.2035| 1.1934 1.1931 1.1933 1.1934 1.1852 1.1788 1.1784
11 44 1.2054 | 1.1964| 1.1880 1.1900 1.1943 1.1982 1.1920 1.1861 1.1878
13 21 1.2262 | 1.2163| 1.2078 1.2100 1.2115 1.2182 1.2105 1.2058 1.2067
11 38 1.2483 | 1.2300| 1.2243 1.2255 1.2287 1.2336 1.2294 1.2220 1.2237
14 6 1.2714 | 1.2505| 1.2443 1.2476 1.2501 1.2535 1.2482 1.2444 1.2448
13 7 1.2947 | 1.2267| 1.2606 1.2644 1.2675 1.2750 1.2666 1.2604 1.2649
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Table 9. Continued

(d) TS 130.5t0 138.0

MIO’WaII at TS of—

Run Point M, 130.5 131.5 133.5 134.0 135.5 137.0 137.5 138.0
14 93 0.1000 | 0.1000 0.985 0.1001 0.0992 0.1011 0.0994 0.0998 0.10105
12 43 0.2021 | 0.1997| 0.2011 0.1997 0.2009 0.2004 0.2013 0.2017 0.2013
12 42 0.3015 | 0.2988| 0.3005 0.2992 0.2991 0.3001 0.3011 0.3019 0.3030
12 41 0.4044 | 0.4005| 0.4031 0.4007 0.4008 0.4024 0.4039 0.4052 0.4056
14 87 0.5028 | 0.4983| 0.5020 0.4984 0.4987 0.5008 0.5030 0.5039 0.5047
14 84 0.6036 | 0.5972| 0.6018 0.5973 0.5973 0.6009 0.6026 0.6044 0.6052
14 81 0.6535 | 0.6464| 0.6516 0.6464 0.6465 0.6497 0.6527 0.6544 0.6558
12 38 0.7030 | 0.6942| 0.6997 0.6940 0.6940 0.6980 0.7015 0.7033 0.7043
14 75 0.7285 | 0.7195| 0.7253 0.7195 0.7193 0.7234 0.7272 0.7293 0.7307
11 21 0.7538 | 0.7442| 0.7504 0.7445 0.7443 0.7486 0.7526 0.7547 0.7564
14 69 0.7795 | 0.7688| 0.7753 0.7690 0.7689 0.7739 0.7781 0.7807 0.7829
16 23 0.8058 | 0.7951| 0.8017 0.7954 0.7955 0.8003 0.8047 0.8073 0.8102
14 61 0.8284 | 0.8157| 0.8231 0.8164 0.8166 0.8223 0.8269 0.8249 0.8322
14 57 0.8555 | 0.8426| 0.8501 0.8429 0.8432 0.8489 0.8543 0.8565 0.8598
14 53 0.8809 | 0.8675| 0.8754 0.8680 0.8676 0.8763 0.8776 0.8808 0.8841
11 3 0.9038 | 0.8901| 0.8976 0.8898 0.8897 0.8955 0.9000 0.9030 0.9067
14 44 0.9304 | 0.9175| 0.9252 0.9177 0.9177 0.9228 0.9260 0.9288 0.9329
12 27 0.9579 | 0.9446| 0.9522 0.9439 0.9434 0.9490 0.9515 0.9545 0.9578
14 36 0.9816 | 0.9681| 0.9759 0.9676 0.9673 0.9729 0.9750 0.9782 0.9820
11 20 1.0086 | 0.9949| 1.0036 0.9939 0.9936 0.9985 1.0013 1.0050 1.0116
14 25 1.0595 | 1.0460| 1.0540 1.0449 1.0460 1.0498 1.0508 1.0539 1.0612
12 14 1.1106 | 1.0930| 1.1034 1.0924 1.0920 1.0991 1.1028 1.1015 1.1039
14 23 1.1351 | 1.1167| 1.1264 1.1188 1.1200 1.1270 1.1238 1.1210 1.1254
10 8 1.1595 | 1.1499| 1.1590 1.1444 1.1449 1.1507 1.1541 1.1527 1.1520
10 14 1.1796 | 1.1764| 1.1873 1.1689 1.1661 1.1720 1.1719 1.1700 1.1714
11 44 1.2054 | 1.1887| 1.1986 1.1868 1.1869 1.1909 1.1881 1.1861 1.1839
13 21 1.2262 | 1.2058| 1.2220 1.2089 1.2104 1.2117 1.2082 1.2058 1.2031
11 38 1.2483 | 1.2242| 1.2397 1.2295 1.2296 1.2360 1.2317 1.2283 1.2243
14 6 1.2714 | 1.2432| 1.2605 1.2546 1.2541 1.2600 1.2527 1.2519 1.2466
13 7 1.2947 | 1.2634| 1.2788 1.2735 1.2780 1.2834 1.2779 1.2750 1.2710
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Table 9. Continued

(e) TS 143.5 to 149.0

MIO’WaII at TS of—

Run Point M, 143.5 144.0 144.5 145.0 146.0 146.5 148.0 149.0
14 93 0.1000 0.0994 0.0979 0.0996 0.0976 0.0982 0.0985 0.0963 0.0945
12 43 0.2021 0.1974 0.1968 0.1970 0.1961 0.1960 0.1959 0.1916 0.1893
12 42 0.3015 0.2959 0.2941 0.2944 0.2929 0.2928 0.2929 0.2854 0.2817
12 41 0.4044 0.3964 0.3939 0.3937 0.3921 0.3923 0.3933 0.3803 0.3767
14 87 0.5028 0.4923 0.4894 0.4889 0.4873 0.4871 0.4891 0.4705 0.4663
14 84 0.6036 0.5892 0.5859 0.5849 0.5819 0.5818 0.5841 0.5602 0.5540
14 81 0.6535 0.6370 0.6327 0.6321 0.6287 0.6285 0.6309 0.6037 0.5965
12 38 0.7030 0.6844 0.6790 0.6779 0.6741 0.6742 0.6764 0.6452 0.6365
14 75 0.7285 0.7082 0.7034 0.7023 0.6982 0.6976 0.6998 0.6668 0.6576
11 21 0.7538 0.9913 0.9831 0.7249 0.7209 0.7203 0.7226 0.6873 0.6768
14 69 0.7795 0.7563 0.7512 0.7494 0.7451 0.7438 0.7462 0.7086 0.6972
16 23 0.8058 0.7822 0.7761 0.7743 0.7699 0.7688 0.7707 0.7307 0.7182
14 61 0.8284 0.8023 0.7963 0.7942 0.7900 0.7883 0.7906 0.7487 0.7345
14 57 0.8555 0.8252 0.8189 0.8165 0.8119 0.8105 0.8126 0.7677 0.7527
14 53 0.8809 0.8428 0.8360 0.8337 0.8291 0.8281 0.8304 0.7842 0.7683
11 3 0.9038 0.8619 0.8551 0.8528 0.8477 0.8474 0.8505 0.8011 0.7847
14 44 0.9304 0.8737 0.8668 0.8643 0.8595 0.8588 0.8613 0.8140 0.7957
12 27 0.9579 0.8869 0.8796 0.8773 0.8727 0.8725 0.8754 0.8268 0.8086
14 36 0.9816 0.8737 0.8668 0.8878 0.8837 0.8834 0.8862 0.8380 0.8179
11 20 1.0086 0.9137 0.9061 0.9023 0.8978 0.8980 0.9006 0.8516 0.8310
14 25 1.0595 0.9419 0.9301 0.9231 0.9154 0.9112 0.9129 0.8579 0.8357
12 14 1.1106 0.9454 0.9328 0.9246 0.9155 0.9081 0.9075 0.8532 0.8315
14 23 1.1351 0.9261 0.9133 0.9050 0.8970 0.8880 0.8862 0.8403 0.8205
10 8 1.1595 0.9125 0.9006 0.8924 0.8850 0.8767 0.8739 0.8355 0.8174
10 14 1.1796 0.8948 0.8836 0.8764 0.8698 0.8618 008591 0.8252 0.8091
11 44 1.2054 0.9204 0.9059 0.8942 0.8842 0.8694 0.8638 0.8212 0.8024
13 21 1.2262 0.9110 0.8962 0.8845 0.8745 0.8593 0.8534 0.8140 0.7963
11 38 1.2483 0.9157 0.9001 0.8883 0.8768 0.8609 0.8544 0.8156 0.7980
14 6 1.2714 0.9525 0.9378 0.9260 0.9150 0.8975 0.8900 0.8490 0.8304
13 7 1.2947 0.9874 0.9741 0.9628 0.9517 0.9346 0.9272 0.8812 0.8605
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Table 9. Continued

(f) TS 150.0 to 168.0

MIO’WaII at TS of—

Run Point M, 150.0 150.5 151.0 152.0 152.5 153.0 153.5 168.0
14 93 0.1000 | 0.0933 | 0.0942 0.0936 0.0899 0.0908 0.0890 0.0895 0.0726
12 43 0.2021 | 0.1879 | 0.1880 0.1876 0.1835 0.1809 0.1803 0.1800 0.1476
12 42 0.3015 | 0.2796 | 0.2785 0.2790 0.2723 0.2693 0.2679 0.2678 0.2193
12 41 0.4044 | 0.3737| 0.3718 0.3725 0.3630 0.3585 0.3564 0.3549 0.2899
14 87 0.5028 | 0.4616 | 0.4592 0.4596 0.4474 0.4418 0.4383 0.4368 0.3539
14 84 0.6036 | 0.5486 | 0.5450 0.5446 0.5293 0.5218 0.5175 0.5144 0.4136
14 81 0.6535 | 0.5897 | 0.5853 0.5847 0.5677 0.5593 0.5547 0.5512 0.4408
12 38 0.7030 | 0.6287 | 0.6239 0.6232 0.6036 0.5950 0.5893 0.5851 0.4668
14 75 0.7285 | 0.6498 | 0.6438 0.6427 0.6226 0.6130 0.6074 0.6029 0.4800
11 21 0.7538 | 0.6684 | 0.6623 0.6609 0.6396 0.6296 0.6233 0.6190 0.4923
14 69 0.7795 | 0.6886 | 0.6816 0.6792 0.6573 0.6472 0.6406 0.6354 0.5052
16 23 0.8058 | 0.7085| 0.7013 0.6985 0.6757 0.6648 0.6575 0.6527 0.5178
14 61 0.8284 | 0.7238 | 0.7164 0.7135 0.6892 0.6778 0.6709 0.6649 0.5272
14 57 0.8555 | 0.7421| 0.7336 0.7301 0.7057 0.6941 0.6861 0.6802 0.5389
14 53 0.8809 | 0.7571| 0.7481 0.7441 0.7186 0.7073 0.6990 0.6922 0.5493
11 3 0.9038 | 0.7731| 0.7639 0.7591 0.7330 0.7209 0.7128 0.7058 0.5598
14 44 0.9304 | 0.7838 | 0.7743 0.7685 0.7426 0.7308 0.7220 0.7149 0.5682
12 27 0.9579 | 0.7965| 0.7863 0.7801 0.7540 0.7416 0.7328 0.7255 0.5768
14 36 0.9816 | 0.8057 | 0.7955 0.7885 0.7623 0.7501 0.7415 0.7338 0.5838
11 20 1.0086 | 0.8181| 0.8072 0.8004 0.7735 0.7609 0.7519 0.7443 0.5924
14 25 1.0595 | 0.8224 | 0.8114 0.8033 0.7770 0.7652 0.7562 0.7477 0.5946
12 14 1.1106 | 0.8185| 0.8071 0.7999 0.7737 0.7621 0.7532 0.7448 0.5924
14 23 1.1351 | 0.8086 | 0.7985 0.7907 0.7675 0.7566 0.7481 0.7406 0.5896
10 8 1.1595 | 0.8068 | 0.7974 0.7899 0.7680 0.7578 0.7491 0.7416 0.5868
10 14 1.1796 | 0.7997 | 0.7909 0.7841 0.7632 0.7531 0.7450 0.7377 0.5844
11 44 1.2054 | 0.7924 | 0.7831 0.7750 0.7540 0.7439 0.7356 0.7274 0.5752
13 21 1.2262 | 0.7864 | 0.7774 0.7696 0.7491 0.7392 0.7312 0.7231 0.5711
11 38 1.2483 | 0.7885| 0.7792 0.7715 0.7513 0.7410 0.7330 0.7248 0.5729
14 6 1.2714 | 0.8200 | 0.8107 0.8026 0.7816 0.7720 0.7632 0.7549 0.5981
13 7 1.2947 | 0.8502 | 0.8399 0.8315 0.8091 0.7993 0.7909 0.7819 0.6213
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Table 9. Continued

(g) TS 174.0 to 218.0

MIO’WaII at TS of—

Run Point M, 174.0 180.0 186.0 192.0 198.0 206.0 216.0 218.0
14 93 0.1000 0.0711 0.0692 0.0644 0.0632 0.0590 0.0548 0.0552 0.0526
12 43 0.2021 0.1407 0.1340 0.1274 0.1221 0.1167 0.1101 0.1081 0.1036
12 42 0.3015 0.2082 0.1978 0.1889 0.1812 0.1736 0.1640 0.1581 0.1535
12 41 0.4044 0.2747 0.2614 0.2486 0.2393 0.2294 0.2176 0.3101 0.2038
14 87 0.5028 0.3345 0.3184 0.3036 0.2911 0.2790 0.2663 0.2562 0.2498
14 84 0.6036 0.3903 0.3708 0.3537 0.3386 0.3249 0.3099 0.2987 0.2911
14 81 0.6535 0.4162 0.3955 0.3770 0.3610 0.3467 0.3299 0.3184 0.3100
12 38 0.7030 0.3899 0.3705 0.3535 0.3388 0.3247 0.3091 0.2979 0.2904
14 75 0.7285 0.4530 0.4296 0.4095 0.3919 0.3765 0.3595 0.3470 0.3382
11 21 0.7538 0.4639 0.4401 0.4199 0.4017 0.3861 0.3684 0.3550 0.3466
14 69 0.7795 0.4760 0.4520 0.4308 0.4124 0.3964 0.3785 0.3653 0.3568
16 23 0.8058 0.4878 0.4630 0.4419 0.4227 0.4074 0.3892 0.3765 0.3670
14 61 0.8284 0.4969 0.4719 0.4496 0.4303 0.4146 0.3956 0.3822 0.3734
14 57 0.8555 0.5077 0.4813 0.4585 0.4393 0.4231 0.4047 0.3914 0.3820
14 53 0.8809 0.5172 0.4900 0.4669 0.4471 0.4306 0.4115 0.3976 0.3893
11 3 0.9038 0.5260 0.4986 0.4757 0.4561 0.4387 0.4201 0.4055 0.3969
14 44 0.9304 0.5337 0.5054 0.4815 0.4616 0.4443 0.4248 0.4108 0.4019
12 27 0.9579 0.5412 0.5133 0.4888 0.4688 0.4509 0.4321 0.4177 0.4087
14 36 0.9816 0.5475 0.5186 0.4944 0.4745 0.4568 0.4374 0.4233 0.4145
11 20 1.0086 0.5556 0.5267 0.5025 0.4817 0.4643 0.4453 0.4304 0.4220
14 25 1.0595 0.5587 0.5309 0.5083 0.4891 0.4721 0.4532 0.4392 0.4301
12 14 1.1106 0.5579 0.5317 0.5098 0.4907 0.4753 0.4572 0.4440 0.4360
14 23 1.1351 0.5529 0.5269 0.5050 0.4867 0.4707 0.4531 0.4403 0.4323
10 8 1.1595 0.5525 0.5266 0.5050 0.4865 0.4709 0.4537 0.4399 0.4324
10 14 1.1796 0.5521 0.5270 0.5068 0.4888 0.4743 0.4570 0.4437 0.4366
11 44 1.2054 0.5426 0.5177 0.4968 0.4800 0.4651 0.4487 0.4363 0.4293
13 21 1.2262 0.5393 0.5148 0.4952 0.4782 0.4640 0.4478 0.4364 0.4295
11 38 1.2483 0.5415 0.5181 0.4971 0.4803 0.4661 0.4505 0.4382 0.4316
14 6 1.2714 0.5665 0.5421 0.5220 0.5053 0.4916 0.4758 0.4641 0.4579
13 7 1.2947 0.5896 0.5645 0.5434 0.5261 0.5115 0.4951 0.4833 0.4767
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Table 9. Concluded

(h) TS 224.0 to 320.0

Mlo'WaII at TS of—

Run Point M, 224.0 236.0 248.0 260.0 272.0 284.0 296.0 320.0
14 93 0.1000 0.0527 0.0412 0.0431 0.0415 0.0421 0.0389 0.0383 0.0405
12 43 0.2021 0.1015 0.0937 0.0897 0.0875 0.0870 0.0852 0.0824 0.0802
12 42 0.3015 0.1501 0.1406 0.1355 0.1307 0.1272 0.1256 0.1235 0.1201
12 41 0.4044 0.1982 0.1879 0.1810 0.1750 0.1709 0.1678 0.1651 0.1597
14 87 0.5028 0.2427 0.2307 0.2226 0.2145 0.2101 0.2054 0.2039 0.1962
14 84 0.6036 0.2835 0.2702 0.2604 0.2521 0.2495 0.2420 0.2372 0.2305
14 81 0.6535 0.3027 0.2883 0.2782 0.2699 0.2642 0.2601 0.2560 0.2481
12 38 0.7030 0.3198 0.3057 0.2958 0.2870 0.2802 0.2751 0.2704 0.2630
14 75 0.7285 0.3295 0.3156 0.3053 0.2951 0.2890 0.2838 0.2796 0.2716
11 21 0.7538 0.3373 0.3235 0.3138 0.3054 0.2990 0.2933 0.2890 0.2801
14 69 0.7795 0.3476 0.3332 0.3228 0.3133 0.3073 0.3024 0.2981 0.2896
16 23 0.8058 0.3579 0.3436 0.3327 0.3283 0.3183 0.3127 0.3093 0.3001
14 61 0.8284 0.3642 0.3499 0.3394 0.3290 0.3225 0.3164 0.3136 0.3049
14 57 0.8555 0.3728 0.3580 0.3473 0.3374 0.3317 0.3268 0.3220 0.3120
14 53 0.8809 0.3795 0.3645 0.3539 0.3440 0.3385 0.3333 0.3289 0.3195
11 3 0.9038 0.3878 0.3727 0.3622 0.3523 0.3467 0.3416 0.3370 0.3283
14 44 0.9304 0.3932 0.3778 0.3675 0.3579 0.3515 0.3455 0.3414 0.3323
12 27 0.9579 0.3997 0.3850 0.3747 0.3659 0.3604 0.3555 0.3511 0.3417
14 36 0.9816 0.4050 0.3905 0.3803 0.3722 0.3681 0.3630 0.3575 0.3489
11 20 1.0086 0.4130 0.3990 0.3894 0.3799 0.3754 0.3704 0.3662 0.3574
14 25 1.0595 0.4211 0.4071 0.3975 0.3880 0.3827 0.3771 0.3717 0.3621
12 14 1.1106 0.4273 0.4130 0.4043 0.3942 0.3878 0.3821 0.3769 0.3680
14 23 1.1351 0.4233 0.4099 0.4005 0.3916 0.3869 0.3809 0.3755 0.3659
10 8 1.1595 0.4238 0.4104 0.4008 0.3926 0.3869 0.3819 0.3764 0.3667
10 14 1.1796 0.4288 0.4161 0.4063 0.3992 0.3927 0.3868 0.3821 0.3718
11 44 1.2054 0.4211 0.4087 0.3990 0.3912 0.3856 0.3808 0.3763 0.3671
13 21 1.2262 0.4213 0.4093 0.4004 0.3923 0.3865 0.3809 0.3763 0.3674
11 38 1.2483 0.4243 0.4123 0.4039 0.3957 0.3903 0.3840 0.3792 0.3707
14 6 1.2714 0.4507 0.4390 0.4308 0.4225 0.4157 0.4109 0.4062 0.3972
13 7 1.2947 0.4697 0.4577 0.4507 0.4425 0.4366 0.4312 0.4273 0.4179
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Table 10. Mach Number of 6-ft and 8-ft CTSL From Right Side of Centerline Tube

Run Point 6f|at’ min 6-ft CTSL Mr 8-ft CTSL Mr Run Point 6flat’ min 6-ft CTSL Mr 8-ft CTSL Mr
14 93 0 0.1000 0.0999 9 3 4 0.9027 0.8953
12 43 0 0.2021 0.2020 9 5 5 0.9053 0.9122
12 42 0 0.3015 0.3014 11 3 4 0.9038 0.9036

5 2 0 0.3992 0.3990 12 30 5 0.9062 0.9059
9 31 0 0.4006 0.4005 14 43 6 0.9298 0.9296
12 41 0 0.4044 0.4043 14 44 7 0.9304 0.9301
9 28 0 0.5014 0.5012 16 21 7.9 0.9463 0.9460
12 40 0 0.5037 0.5035 9 10 8 0.9559 0.9601
14 87 0 0.5028 0.5026 12 27 10 0.9579 0.9577
5 8 0 0.6018 0.6015 14 36 12 0.9816 0.9815
5 9 0 0.6015 0.6012 13 4 14 0.9855 0.9854
11 62 0 0.6047 0.6045 11 20 14 1.0086 1.0087
12 39 0 0.6038 0.6035 11 16 9 1.0284 1.0282
14 84 0 0.6036 0.6033 14 33 10 1.0345 1.0349
16 3 0 0.6033 0.6031 9 22 6 1.0504 1.0501
12 37 0 0.6544 0.6541 14 25 7 1.0595 1.0596
14 81 0 0.6535 0.6532 12 14 5 1.1106 1.1108
12 38 0 0.7030 0.7027 14 22 9 1.1344 1.1344
14 75 0 0.7285 0.7281 14 23 10 1.1351 1.1352
11 21 0 0.7538 0.7534 10 8 18 1.1595 1.1601
14 69 0 0.7795 0.7792 10 13 16 1.1570 1.1575
5 14 0 0.8000 0.8050 14 17 19 1.1585 1.1590
6 8 0 0.8022 0.7991 10 14 26.5 1.1796 1.1720
16 23 0 0.8058 0.8055 11 44 10 1.2054 1.2055
14 61 0 0.8284 0.8282 12 13 12 1.2045 1.2046
14 57 1 0.8555 0.8552 13 21 14 1.2262 1.2263
14 53 3 0.8809 0.8806 11 38 14.5 1.2483 1.2484
14 6 21 1.2714 1.2715

13 7 23 1.2947 1.2946
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Table 11. Mach Number and Pressure Ratios of Right and Left Sides of Centerline Tube

(2) M, = 0.1000 to 0.8809

Run Poaint Oy MIN M, M, M, e M, =M, P, /pt,oo P /pt,oo (p/pt’oo)ave
14 93 0 0.1000 0.0994 0.0997 0.0006 0.993033 0.993116 0.993075
12 43 0 0.2021 0.2013 0.2017 0.0008 0.971926 0.972136 0.972031
12 42 0 0.3015 0.3003 0.3009 0.0012 0.938869 0.939367 0.939367

5 2 0 0.3992 0.3974 0.3983 0.0018 0.869002 0.896863 0.896433

9 31 0 0.4006 0.3986 0.3996 0.0020 0.895307 0.896274 0.895791
12 41 0 0.4044 0.4023 0.4034 0.0021 0.893449 0.894471 0.893960

9 28 0 0.5014 0.4987 0.5001 0.0027 0.842205 0.843733 0.842969
12 40 0 0.5037 0.5010 0.5024 0.0027 0.840921 0.842434 0.841678
14 87 0 0.5028 0.5000 0.5014 0.0028 0.841421 0.842995 0.842208

5 8 0 0.6018 0.5984 0.6001 0.0030 0.782878 0.785002 0.783940

5 9 0 0.6015 0.5980 0.5998 0.0035 0.783072 0.785244 0.784158
11 62 0 0.6047 0.6013 0.6030 0.0034 0.781088 0.783184 0.782136
12 39 0 0.6038 0.6004 0.6021 0.0034 0.781657 0.783758 0.782708
14 84 0 0.6036 0.6002 0.6019 0.0034 0.781764 0.783906 0.782835
16 3 0 0.6033 0.6000 0.6017 0.0033 0.781946 0.784035 0.782991
12 37 0 0.6544 0.6505 0.6524 0.0039 0.750045 0.752494 0.751270
14 81 0 0.6535 0.6496 0.6516 0.0039 0.750637 0.753054 0.751846
12 38 0 0.7030 0.6988 0.7009 0.0042 0.718986 0.721703 0.720345
14 75 0 0.7285 0.7241 0.7263 0.0044 0.702546 0.705375 0.703961
11 21 0 0.7538 0.7493 0.7516 0.0045 0.686131 0.689045 0.687588
14 69 0 0.7795 0.7748 0.7771 0.0047 0.669376 0.672466 0.670921

5 14 0 0.8000 0.7951 0.7976 0.0049 0.656002 0.659219 0.657611

6 8 0 0.8022 0.7971 0.7997 0.0051 0.654588 0.657917 0.656253
16 23 0 0.8058 0.8010 0.8034 0.0048 0.652224 0.655390 0.653807
14 61 0 0.8284 0.8234 0.8259 0.0050 0.637504 0.640785 0.639145
14 57 1 0.8555 0.8502 0.8529 0.0053 0.619943 0.623345 0.621644
14 53 3 0.8809 0.8754 0.8782 0.0055 0.603530 0.607064 0.605297
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Table 11. Concluded

(b) M, = 0.9027 to 1.2948

Run Point Oy MIN M; M, M, ve M, =M, P, /pt,oo P /pt,m (p/pt’m)awe
9 3 4 0.9027 0.8971 0.8999 0.0056 0.589501 0.593142 0.591322
9 5 5 0.9053 0.8997 0.9025 0.0057 0.587832 0.591465 0.589649
11 3 4 0.9038 0.8900 0.9009 0.0058 0.588814 0.592543 0.590679
12 30 5 0.9062 0.9004 0.9029 0.0058 0.587296 0.590967 0.589132
14 43 6 0.9298 0.9240 0.9269 0.0058 0.572250 0.575930 0.574090
14 44 7 0.9304 0.9245 0.9275 0.0058 0.571880 0.575581 0.573731
16 21 7.9 0.9463 0.9401 0.9432 0.0062 0.561787 0.565721 0.563754

9 10 8 0.9559 0.9499 0.9530 0.0061 0.555742 0.559541 0.557642
12 27 10 0.9579 0.9519 0.9549 0.0060 0.554488 0.558273 0.556381
14 36 12 0.9816 0.9755 0.9788 0.0061 0.539703 0.543496 0.541600
13 4 14 0.9855 0.9791 0.9823 0.0064 0.537224 0.541235 0.539230
11 20 14 1.0084 1.0027 1.0057 0.0059 0.523009 0.526593 0.524801
11 16 9 1.0284 1.0220 1.0252 0.0064 0.510898 0.514807 0.512853
14 33 10 1.0345 1.0284 1.0315 0.0061 0.507194 0.510907 0.509051

9 22 6 1.0504 1.0430 1.0467 0.0074 0.497662 0.502101 0.499882
14 25 7 1.0595 1.0530 1.0563 0.0065 0.492171 0.496052 0.494112
12 14 5 1.1106 1.1035 1.1071 0.0071 0.462248 0.466339 0.464294
14 22 9 1.1344 1.1279 1.1312 0.0065 0.448626 0.452325 0.450475
14 23 10 1.1351 1.1286 1.1319 0.0065 0.448203 0.451883 0.450043
10 8 18 1.1595 1.1518 1.1556 0.0077 0.434541 0.438820 0.436681
10 13 16 1.1570 1.1498 1.1534 0.0072 0.435897 0.439971 0.437934
14 17 19 1.1585 1.1513 1.1549 0.0072 0.435062 0.439084 0.437073
10 14 26.5 1.1796 1.1732 1.1764 0.0064 0.423422 0.426927 0.425175
11 44 10 1.2054 1.1976 1.2015 0.0078 0.409468 0.413691 0.411580
12 13 12 1.2045 1.1967 1.2006 0.0078 0.409958 0.414143 0.412051
13 21 14 1.2262 1.2178 1.2220 0.0084 0.398449 0.402857 0.400653
11 38 14.5 1.2483 1.2404 1.2444 0.0079 0.386932 0.391000 0.388966
14 6 21 1.2714 1.2631 1.2672 0.0083 0.375142 0.379359 0.377251
13 7 23 1.2948 1.2862 1.2904 0.0086 0.363535 0.367747 0.365641
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Table 12. Mach Number Gradients and Standard and Maximum Deviations From Right Side of Centerline Tube for 6-ft and 8-ft CTSL

(2) M, = 0.1000 to 0.8809

6-ft CTSL 8-ft CTSL
TS 131.0t0 137.0 TS 129.0to 137.0
Run Point O MIN M, (dM/dX)r 20 O ax (dM/dX)y 20 O hax
14 93 0 0.1000 -0.000211 0.000835 0.002572 | —0.000114 0.000802 0.002775
12 43 0 0.2021 -0.000294 0.000339 0.000597 | —-0.000234 0.000395 0.000739
12 42 0 0.3015 -0.000439 0.000464 0.000974 | -0.000345 0.000560 0.001088
5 2 0 0.3992 -0.000612 0.001160 0.003411 | -0.000504 0.001127 0.003384
9 31 0 0.4006 -0.000590 0.000637 0.001539 | -0.000469 0.000754 0.001688
12 41 0 0.4044 -0.000578 0.000623 0.001392 | -0.000450 0.000758 0.001547
9 28 0 0.5014 -0.000590 0.000770 0.001962 | -0.000547 0.000943 0.002158
12 40 0 0.5037 -0.000672 0.000798 0.001823 | —0.000513 0.000967 0.002021
14 87 0 0.5028 -0.000704 0.000789 0.001790 | -0.000531 0.000977 0.001992
5 8 0 0.6018 -0.000774 0.000930 0.002144 | -0.000574 0.001152 0.002381
9 25 0 0.6026 -0.000765 0.000986 0.002479 | —0.000576 0.001182 0.002717
11 62 0 0.6047 -0.000706 0.000949 0.002440 | -0.000529 0.001135 0.002666
12 39 0 0.6038 -0.000713 0.000982 0.002301 | —0.000527 0.001177 0.002539
14 84 0 0.6036 -0.000732 0.000961 0.002256 | —0.000537 0.001176 0.002499
16 3 0 0.6033 -0.000657 0.001195 0.003341 | -0.000501 0.001289 0.002895
12 37 0 0.6544 -0.000696 0.001090 0.002576 | —0.000497 0.001291 0.002833
14 81 0 0.6535 -0.000701 0.001055 0.002519 | -0.000503 0.001270 0.002778
12 38 0 0.7030 -0.000635 0.001185 0.002811 | —0.000431 0.001388 0.003085
14 75 0 0.7285 -0.000570 0.001238 0.002998 | -0.000380 0.001416 0.003267
11 21 0 0.7537 -0.000520 0.001218 0.003017 | —0.000331 0.001415 0.003350
14 69 0 0.7795 -0.000394 0.001308 0.003133 | -0.000213 0.001478 0.003413
5 14 0 0.8000 -0.000382 0.001392 0.002913 | -0.000092 0.001422 0.003015
6 8 0 0.8022 -0.000341 0.001245 0.003053 | —0.000085 0.001323 0.003141
16 23 0 0.8058 -0.000205 0.001452 0.003365 | —0.000045 0.001570 0.003640
14 61 0 0.8284 -0.000078 0.001377 0.003296 0.000057 0.001481 0.003552
14 57 1 0.8555 -0.000008 0.001441 0.003385 0.000107 0.001514 0.003632
14 53 3 0.8809 -0.000119 0.001505 0.003501 | -0.000008 0.001576 0.003756
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Table 12. Concluded

(b) M, = 0.9027 to 1.2948

6-ft CTSL 8-ft CTSL
TS 131.0to 137.0 TS 129.0to 137.0

Run Point O p MIN M, (dM/dX)r 20 O ax (dM/dX)r 20 O ax

9 3 4 0.9027 -0.000061 0.001396 0.003537 0.000132 0.001394 0.003600

9 5 5 0.9053 -0.000269 0.001441 0.003646 | -0.000052 0.001453 0.003781
11 3 4 0.9038 0.000019 0.001489 0.003937 0.000108 0.001428 0.003700
12 30 5 0.9062 -0.000181 0.001481 0.003482 | -0.000060 0.001565 0.003741
14 43 6 0.9298 -0.000009 0.001445 0.003379 0.000067 0.001466 0.003584
14 44 7 0.9304 -0.000201 0.001534 0.003509 | -0.000109 0.001584 0.003749
16 21 7.9 0.9463 0.000058 0.001712 0.003722 0.000236 0.001785 0.004019

9 10 8 0.9559 0.000064 0.001450 0.003437 0.002419 0.015264 0.074843
12 27 10 0.9579 -0.000246 0.001522 0.003478 | -0.000149 0.001539 0.003684
14 36 12 0.9816 -0.000047 0.001517 0.003163 0.000014 0.001422 0.003211
13 4 14 0.9855 -0.000321 0.001483 0.003441 | -0.000218 0.001456 0.003576
11 20 14 1.0086 -0.000188 0.001867 0.004258 0.000021 0.001843 0.004116
11 16 9 1.0284 -0.000324 0.002221 0.005299 0.000129 0.002243 0.005371
14 33 10 1.0345 -0.000131 0.002212 0.004490 | -0.000180 0.002304 0.005065

9 22 6 1.0504 0.000078 0.001971 0.003164 0.000234 0.001905 0.003640
14 25 7 1.0595 0.000012 0.001905 0.004555 | -0.000083 0.001765 0.004641
12 14 5 1.1106 0.001232 0.003411 0.006773 0.000640 0.003363 0.007638
14 22 9 1.1344 -0.000139 0.003028 0.006376 0.000434 0.003104 0.006374
14 23 10 1.1351 -0.000033 0.002796 0.005792 0.000499 0.002910 0.005581
10 8 18 1.1595 -0.000036 0.003602 0.006888 | —-0.000449 0.003673 0.006443
10 13 16 1.1570 -0.000443 0.003409 0.006409 | -0.000539 0.003309 0.006608
14 17 19 1.1585 -0.000203 0.003337 0.005912 | -0.000273 0.003268 0.006194
10 14 26.5 1.1796 -0.000109 0.003802 0.008036 | —0.001799 0.005503 0.006078
11 44 10 1.2054 -0.000048 0.003015 0.006022 | -0.000114 0.002773 0.006171
12 13 12 1.2045 -0.000159 0.003039 0.006082 | -0.000224 0.002790 0.006200
13 21 14 1.2262 -0.000182 0.002575 0.005165 | -0.000307 0.002444 0.005203
11 38 14.5 1.2483 -0.000242 0.003292 0.008557 | -0.000104 0.003044 0.008853
14 6 21 1.2714 -0.000169 0.002614 0.005413 | -0.000056 0.002601 0.005055
13 7 23 1.2948 -0.000008 0.002036 0.003732 0.000295 0.002902 0.006489




Table 13. Pressure Ratio Gradients and Standard and Maximum Deviations From Right Side of Centerline Tube for 6-ft ahd 8-ft CTS

(2) M, = 0.1000 to 0.8809

6S

6-ft CTSL 8-ft CTSL
TS 131.0to 137.0 TS 129.0to 137.0
Pressure rati¢ Pressure ratiq Pressure rati¢ Pressure rati¢

standard maximum standard maximum

Run Point O qp MIN M, (dpr/dXr deviation deviation (dpr/dXy deviation deviation
14 93 0 0.1000 0.000029 | 0.000116 0.000362 0.000016| 0.000112 0.000390
12 43 0 0.2021 0.000080 | 0.000092 0.000163 0.000064| 0.000107 0.000201
12 42 0 0.3015 0.000171| 0.000181 0.000379 0.000134| 0.000218 0.000423
5 2 0 0.3992 0.000297 | 0.000562 0.001649 0.000244| 0.000546 0.001637
9 31 0 0.4006 0.000287 | 0.000310 0.000749 0.000228| 0.000366 0.000821
12 41 0 0.4044 0.000283 | 0.000305 0.000682 0.000220| 0.000371 0.000758
9 28 0 0.5014 0.000394 | 0.000433 0.001105 0.000308| 0.000530 0.001215
12 40 0 0.5037 0.000379 | 0.000450 0.001029 0.000289| 0.000545 0.001140
14 87 0 0.5028 0.000397 | 0.000445 0.001009 0.000299| 0.000550 0.001123
5 8 0 0.6018 0.000476 | 0.000572 0.001319 0.000353| 0.000708 0.001465
9 25 0 0.6026 0.000471| 0.000606 0.001526 0.000355| 0.000727 0.001672
11 62 0 0.6047 0.000435| 0.000584 0.001504 0.000326| 0.000699 0.001644
12 39 0 0.6038 0.000439 | 0.000604 0.001417 0.000324| 0.000725 0.001564
14 84 0 0.6036 0.000451| 0.000591 0.001389 0.000331| 0.000724 0.001539
16 3 0 0.6033 0.000405| 0.000736 0.002056 0.000308| 0.000793 0.001781
12 37 0 0.6544 0.000440 | 0.000689 0.001631 0.000315| 0.000817 0.001794
14 81 0 0.6535 0.000443| 0.000668 0.001594 0.000318| 0.000803 0.001758
12 38 0 0.7030 0.000409 | 0.000763 0.001811 0.000278| 0.000893 0.001987
14 75 0 0.7285 0.000369 | 0.000802 0.001942 0.000246| 0.000917 0.002117
11 21 0 0.7538 0.000338 | 0.000792 0.001997 0.000215| 0.000920 0.002178
14 69 0 0.7795 0.000257 | 0.000852 0.002041 0.000139| 0.000963 0.002224
5 14 0 0.8000 0.000249 | 0.000866 0.001898 | —0.001717| 0.011990 0.058858
6 8 0 0.8022 0.000222 | 0.000811 0.001988 0.001068| 0.006868 0.033556
16 23 0 0.8058 0.000133| 0.000945 0.002192 0.000029| 0.001022 0.002370
14 61 0 0.8284 0.000051 | 0.000895 0.002142 | -0.000037| 0.000963 0.002309
14 57 1 0.8555 0.000005| 0.000933 0.002192 | -0.000070| 0.000981 0.002352
14 53 3 0.8809 0.000076 | 0.000970 0.002255 0.000005| 0.001016 0.002419
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Table 13. Concluded

(b) M, = 0.9027 to 1.2948

6-ft CTSL

TS 131.0to 137.0

8-ft CTSL

TS 129.0t0 137.0

Pressure ratio

Pressure ratiq

Pressure ratio

Pressure ratiq

standard maximum standard maximum

Run Poaint Sjap MIN M, (dpr/dXr deviation deviation (dpr/dxX¢ deviation deviation
9 3 4 0.9027 0.000039 0.000894 0.002265 0.002416 0.016851 0.082844
9 5 5 0.9053 0.000172 0.000922 0.002333 | -0.002271 0.015532 0.076332
11 3 4 0.9038 | -0.000012 0.000884 0.002232 | -0.000069 0.000914 0.002368
12 30 5 0.9062 0.000116 0.000947 0.002228 0.000038 0.001002 0.002394
14 43 6 0.9298 0.000006 0.000918 0.002145 | -0.000042 0.000931 0.002275
14 44 7 0.9304 0.000128 0.000974 0.002227 0.000069 0.001006 0.002379
16 21 7.9 0.9463 | —-0.000037 0.001080 0.002348 | -0.000149 0.001127 0.002536
9 10 8 0.9559 | —-0.000040 0.000912 0.002160 | -0.001493 0.009406 0.046112
12 27 10 0.9579 0.000155 0.000956 0.002184 0.000094 0.000967 0.002313
14 36 12 0.9816 0.000029 0.000943 0.001966 | —0.000009 0.000884 0.001996
13 4 14 0.9855 0.000199 0.000920 0.002134 0.000135 0.000904 0.002218
11 20 14 1.0086 0.000116 0.001146 0.002611 | -0.000013 0.001131 0.002524
11 16 9 1.0284 0.000196 0.001348 0.003214 | -0.000078 0.001362 0.003257
14 33 10 1.0345 0.000079 0.001339 0.002719 0.000109 0.001394 0.003061
9 22 6 1.0504 | -0.000047 0.001182 0.001898 | -0.000140 0.001142 0.002181
14 25 7 1.0595 | -0.000007 0.001136 0.002719 0.000049 0.001052 0.002770
12 14 5 1.1106 |-0.000711 0.001967 0.003898 | -0.000369 0.001939 0.004416
14 22 9 1.1344 0.000079 0.001716 0.003619 | -0.000246 0.001759 0.003618
14 23 10 1.1351 0.000019 0.001584 0.003275 | -0.000283 0.001648 0.003165
10 8 18 1.1595 0.000021 0.002003 0.003834 0.000250 0.002041 0.003589
10 13 16 1.1570 0.000248 0.001900 0.003576 0.000301 0.001843 0.003689
14 17 19 1.1585 0.000114 0.001857 0.003294 0.000152 0.001819 0.003451
10 14 26.5 1.1796 0.000059 0.002079 0.004386 0.003655 0.018258 0.088713
11 44 10 1.2054 0.000026 0.001614 0.003231 0.000061 0.001484 0.003311
12 13 12 1.2045 0.000085 0.001628 0.003265 0.000120 0.001495 0.003328
13 21 14 1.2262 0.000096 0.001354 0.002721 0.000161 0.001285 0.002741
11 38 14.5 1.2483 0.000125 0.001699 0.004427 0.000054 0.001571 0.004580
14 6 21 1.2714 0.000085 0.001319 0.002728 0.000028 0.001313 0.002547
13 7 23 1.2948 0.000129 0.001173 0.002564 | -0.000146 0.001434 0.003213
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Table 14. Mach Number Gradients of Right and Left Sides of Centerline Tube for 6-ft CTSL

dM/dxfor— 20 for— O ax OF—
Transducer, | Transducer, ESP, Transducer, | Transducer, | ESP, Transducer, | Transducer, ESP,
Run | Point M, left side right side | right side left side right side |right side left side right side | right side
14 93 | 0.1000| -.000225 | -.000211 .000236 .000365 .000835 | .001522 .000760 .002572 .002645
12 43 | 0.2021| -.000289 | -.000294 | -.001384 .000300 .000339 | .007026 .000441 .000597 .020437
12 42 | 0.3015| -.000487 | -.000452 | -.000453 .000435 .000436 | .0011168| .000657 .001032 .002524
12 41 | 0.4044| -.000619 | -.000761 | -.001100 .000643 .000986 | .003072 .000976 .002039 .010529
14 87 | 0.5028| -.000742 | -.000704 | -.000690 .000836 .000789 | .000914 .001204 .001790 .001918
14 84 | 0.6036| -.000799 | -.000732 | -.000679 .001074 .000961 | .001036 .001541 .002256 .002292
14 81 | 0.6535| -.000774 | -.000701 | -.000733 .001187 .001055 | .001131 .001713 .002519 .002679
12 38 | 0.7030| -.000709 | -.000635 | -.000880 .001312 .001185 | .002204 .001946 .002811 .005957
14 75 | 0.7285| -.000684 | -.000570 | -.000557 .001346 .001238 | .001302 .001917 .002998 .003353
11 21 | 0.7538| -.000634 | -.000520 | -.000511 .001357 .001218 | .001547 .001973 .003017 .003612
14 69 | 0.7795| -.000502 | -.000394 | -.000322 .001402 .001308 | .001421 .002015 .003133 .003495
16 23 | 0.8058| -.000335 | -.000205 | -.000134 .001426 .001452 | .001466 .002149 .003365 .004154
14 61 | 0.8284| -.000226 | -.000078 | -.000120 .001417 .001377 | .001492 .001765 .003296 .003209
14 57 | 0.8555| -.000154 | -.000008 .000014 .001425 .001441 | .001416 .001522 .003385. .002871
14 53 | 0.8809| -.000222 | -.000119 | -.000088 .001427 .001505 | .001524 .002154 .003501 .003424
11 3 | 0.9038| -.000025 .000019 .000107 .001381 .001489 | .001397 .003487 .003937 .002171
14 44 | 0.9304| -.000324 | -.000201 | -.000189 .002823 .001534 | .001619 .007625 .003509 .003672
12 27 | 0.9579| -.000333 | -.000246 | -.000130 .001439 .001522 | .001601 .002324 .003478 .003579
14 36 | 0.9816| -.000040 | -.000047 | -.000004 .001310 .001517 | .001592 .001975 .003162 .003402
11 20 | 1.0086| -.000111 | -.000188 .000091 .001164 .001867 | .002026 .001714 .004258 .005509
14 25 | 1.0595| .000147 .000012 .000053 .002037 .001905 | .001886 .003957 .004555 .004294
12 14 | 1.1106| .000485 | -.000139 | -.000032 .003072 .003028 | .003065 .006482 .006376 .006340
14 23 | 1.1351 .000589 | -.000033 .000094 .002808 .003028 | .003065 .006482 .006376 .006340
10 8 | 1.1595| .000290 | -.000036 .000346 .003534 .003602 | .004362 .006233 .006888 .007218
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Table 14. Concluded

dM/dxfor— 20 for— omaxfor—
Transducer, | Transducer, ESP, Transducer, | Transducer, | ESP, Transducer, | Transducer, ESP,
Run |Point M, left side right side | right side left side right side |right side | left side right side | right side
10 14 | 1.1796| -.000019 -.000109 .000121 .003735 .003802 .003760 .006415 .008036 .008681
11 44 | 1.2054 .000296 -.000048 .000093 .002772 .003015 .003173 .005441 .006022 .006103
13 21 | 1.2262 .000031 -.000182 .000096 .001838 .003575 .002814 .002470 .005165 .005181
11 38 | 1.2483 .000666 -.000242 | -.000090 .003382 .003292 .003327 .006405 .008557 .008101
14 1.2714 .000546 -.000169 .000085 .002313 .002614 .002590 .002252 .005413 .005281
13 1.2947 .000958 -.000008 .000584 .001994 .002036 .002738 .003202 .003732 .006082




€9

Table 15. Mach Number Gradients and Standard and Maximum Deviations for Alternate CTSL From Left Side of Centerline Tube

(a) 9-ft and 10.5-ft CTSL

9-ft CTSL 10.5-ft CTSL
TS 128.00 to 136.75 TS 126.50 to 136.75
Run Point Ofat, MIN M, (dm/dy), 20 O ax (dM7dyx), 20 O ax

14 93 0 0.1000 | -0.000011| 0.001209 0.001696 0.000087 0.001252 0.001958

9 37 0 0.2011 | -0.000108| 0.001063 0.002725 | -0.000047 0.001039 0.002531
14 91 0 0.3023 | -0.000359| 0.000514 0.000870 | -0.000225 0.000786 0.001816
14 90 0 0.4017 | -0.000425| 0.000853 0.002100 | -0.000299 0.001080 0.002441
14 87 0 0.5028 | -0.000551| 0.001157 0.002206 | -0.000353 0.001515 0.003477
14 84 0 0.6036 | -0.000528| 0.001700 0.003948 | -0.000362 0.001896 0.003515
14 81 0 0.6535 | -0.000614| 0.001757 0.003748 | -0.000410 0.002028 0.004005
12 38 0 0.7030 | -0.000528| 0.001894 0.004111 | -0.000316 0.002068 0.003830
11 21 0 0.7538 | -0.000346| 0.002077 0.004070 | -0.000166 0.002317 0.004305
16 23 0 0.8058 | -0.000377| 0.002682 0.005360 | -0.000201 0.002924 0.005052
14 61 0 0.8284 | -0.000384| 0.002354 0.004057 | -0.000146 0.002676 0.005177
14 56 0 0.8555 | -0.000183| 0.002720 0.004808 0.000037 0.002933 0.004988
14 52 2 0.8794 | -0.000078| 0.002505 0.005063 0.000064 0.002660 0.004630
14 47 4 0.9004 | -0.000100| 0.002466 0.005105 0.000031 0.002667 0.004953
14 42 5 0.9331 | -0.000133| 0.002730 0.005222 | -0.000002 0.002930 0.005076
14 39 8 0.9555 | -0.000002| 0.003310 0.006407 0.000060 0.003405 0.006362
14 36 12 0.9816 | -0.000185| 0.003618 0.006816 | -0.000118 0.003699 0.006613
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Table 15. Continued

(b) 12-ft and 15-ft CTSL

12-ft CTSL 15-ft CTSL
TS 125.00 to 136.75 TS 122.00 to 136.75
Run Point Ofjat» MIN M, (dM/dx)I 20 O hax (dM/dx)I 20 0 ax

14 93 0 0.1000 0.000143| 0.001277 0.002185 0.000152 0.001284 0.002204

9 37 0 0.2011 | -0.000060 | 0.000981 0.002574 | —0.000056 0.000952 0.002557
14 91 0 0.3023 | -0.000186 | 0.000775 0.001545 | -0.000122 0.000793 0.001534
14 90 0 0.4017 | -0.000264 | 0.001037 0.002197 | —0.000190 0.001067 0.001996
14 87 0 0.5028 | -0.000316 | 0.001437 0.003223 | —-0.000217 0.001427 0.002697
14 84 0 0.6036 | -0.000328 | 0.001798 0.003287 | —0.000227 0.001740 0.003034
14 81 0 0.6535 | -0.000341| 0.001955 0.003537 | —0.000221 0.001900 0.003404
12 38 0 0.7030 | -0.000285| 0.001951 0.003804 | —0.000163 0.002039 0.003983
11 21 0 0.7538 | -0.000126 | 0.002205 0.004034 | —0.000067 0.002037 0.003824
16 3 0 0.8058 | -0.000168 | 0.002773 0.004831 | —0.000097 0.002538 0.004675
14 61 0 0.8284 | -0.000092 | 0.002550 0.004815 0.000002 0.002404 0.004253
14 56 0 0.8555 | -0.000008 | 0.002531 0.004861 0.000034 0.002347 0.004621
14 52 2 0.8794 0.000043 | 0.002528 0.004656 0.000048 0.002339 0.004677
14 47 4 0.9004 | -0.000022 | 0.002543 0.005007 | —0.000020 0.002351 0.005030
14 42 5 0.9331 | -0.000031| 0.002770 0.005108 | —0.000025 0.002539 0.005127
14 39 8 0.9555 | -0.000005| 0.003234 0.006427 | —0.000015 0.002975 0.006456
14 36 12 0.9816 | -0.000145| 0.002984 0.005457 | —0.000105 0.002748 0.005474




G9

Table 15. Concluded

(c) 18-ft and 21-ft CTSL

18-ft CTSL 21-ft CTSL
TS 119.00 to 136.75 TS 116.00 to 136.75
Run Point Sfjat» MIN M, (dM7dy, 20 O hax (dMm/dy, 20 O pmax

14 93 0 0.1000 0.000101 0.001585 0.003379 | 0.000109 | 0.001568 0.003457

9 37 0 0.2011 -0.000011 0.000957 0.002320 | 0.000037 | 0.001019 0.002162
14 91 0 0.3023 -0.000063 0.000895 0.001818 | -0.000035 | 0.000880 0.001959
14 90 0 0.4017 -0.000124 0.001095 0.002237 | -0.000079 | 0.001102 0.002357
14 87 0 0.5028 -0.000133 0.001438 0.002883 | -0.000084 | 0.001405 0.002937
14 84 0 0.6036 -0.000136 0.001718 0.003027 | -0.000085 | 0.001658 0.003161
14 81 0 0.6535 -0.000111 0.001893 0.003809 | -0.000058 | 0.001824 0.003947
12 38 0 0.7030 -0.000062 0.002093 0.003881 | -0.000024 | 0.002022 0.003956
11 21 0 0.7538 0.000017 0.001957 0.003915 | 0.000046 | 0.001860 0.003987
16 24 1 0.8058 -0.000005 0.002425 0.005011 | 0.000020 | 0.002312 0.005078
14 62 1 0.8284 0.000046 0.002317 0.004447 | 0.000072 | 0.002170 0.004475
14 58 2 0.8555 -0.000002 0.002343 0.004384 | 0.000028 | 0.002201 0.004442
14 53 3 0.8794 0.000001 0.002296 0.004570 | 0.000032 | 0.002160 0.004631
14 47 4 0.9004 0.000029 0.002206 0.005064 | 0.000040 | 0.002064 0.005087
14 43 6 0.9331 -0.000012 0.002330 0.005061 | 0.000014 | 0.002189 0.005111
14 38 7 0.9555 -0.000008 0.002492 0.005568 | 0.000016 | 0.002340 0.005615
14 34 10 0.9816 -0.000025 0.002592 0.005539 | 0.000018 | 0.002455 0.005620
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Table 16. Calibration Data for Langley 16-Foot Transonic Tunnel

() Mgk = 0.1007 to 0.8820

(P/o, Jave-
Prank/Py ., (PP, Jave (Pp, )cal (P/o; cal Mtank Mave Mcal Maye = Mcal
0.993045 0.993075 0.993256 0.000038 0.1007 0.099686 0.098371 0.001315
0.972007 0.972031 0.972137 —0.000040 0.2032 0.201717 0.201326 0.000390
0.939138 0.939367 0.939362 —0.000131 0.3033 0.300906 0.300279 0.000627
0.896504 0.896433 0.896149 0.000246 0.4021 0.398313 0.398899 —0.000586
0.896022 0.895791 0.895523 —0.000030 0.4031 0.399637 0.400188 —0.000551
0.894175 0.893960 0.893600 0.000080 0.4069 0.403394 0.404128 —0.000734
0.843216 0.842969 0.843063 —0.000044 0.5043 0.500089 0.499922 0.000167
0.841958 0.841678 0.841782 —0.000151 0.5065 0.502383 0.502199 0.000184
0.842373 0.842208 0.842133 0.000106 0.5058 0.501442 0.501576 —-0.000134
0.784611 0.783940 0.783951 0.000063 0.6050 0.600104 0.600087 0.000017
0.784880 0.784158 0.784210 0.000046 0.6045 0.599749 0.599664 0.000085
0.783093 0.782136 0.782433 —0.000216 0.6075 0.603038 0.602556 0.000482
0.783609 0.782708 0.782982 —0.000183 0.6066 0.602108 0.601663 0.000445
0.783666 0.782835 0.782951 —0.000155 0.6065 0.601901 0.601712 0.000189
0.783783 0.782991 0.783176 —0.000057 0.6063 0.601748 0.601347 0.000301
0.752304 0.751270 0.751244 0.000080 0.6572 0.652467 0.652509 —0.000042
0.752958 0.751846 0.751953 —0.000017 0.6562 0.651556 0.651387 0.000169
0.721402 0.720345 0.720078 0.000338 0.7055 0.700906 0.701321 —0.000416
0.704938 0.703961 0.703611 0.000429 0.7309 0.726281 0.726821 —0.000540
0.688752 0.687588 0.687454 0.000133 0.7558 0.751515 0.751721 —0.000206
0.671801 0.670921 0.670541 0.000417 0.7817 0.777127 0.777711 —0.000584
0.659020 0.657611 0.657829 —0.000230 0.8013 0.797560 0.797225 0.000335
0.657679 0.656253 0.656512 —0.000268 0.8033 0.799645 0.799247 0.000398
0.655032 0.653807 0.653860 —0.000041 0.8074 0.803400 0.803319 0.000081
0.640469 0.639145 0.639369 —0.000266 0.8297 0.825926 0.825582 0.000344
0.623327 0.621644 0.622205 —0.000572 0.8560 0.852882 0.852017 0.000865
0.606393 0.605297 0.605246 0.000048 0.8820 0.878169 0.878249 —0.000080
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Table 16. Continued

(0) Mygnk = 0.9029 to 1.2927

(P/p,  )ave—
Prank/P; ., (Plp, ave (o, cal (P/o; cal Mtank Mave Mcal Mave = Mcal
0.592918 0.591322 0.591585 —0.000308 0.9029 0.899903 0.899494 0.000410
0.592200 0.590679 0.590873 -0.000190 0.9056 0.900906 0.900604 0.000302
0.591152 0.589649 0.589796 —0.000122 0.9040 0.902514 0.902284 0.000230
0.590589 0.589395 0.589224 0.000108 0.9065 0.902910 0.903177 —0.000267
0.575733 0.574090 0.574074 —0.000043 0.9292 0.926891 0.926916 —0.000025
0.575448 0.573731 0.573762 —0.000128 0.9297 0.927455 0.927406 0.000049
0.565339 0.563754 0.563418 0.000308 0.9455 0.943196 0.943728 —0.000532
0.559519 0.557642 0.557404 0.000229 0.9547 0.952886 0.953264 —0.000378
0.557926 0.556381 0.555779 0.000492 0.9568 0.954890 0.955847 —0.000957
0.544089 0.541600 0.541480 0.000017 0.9787 0.978504 0.978697 —0.000193
0.541571 0.539230 0.538870 0.000284 0.9827 0.982313 0.982893 —0.000580
0.527214 0.524801 0.524050 0.000723 1.0061 1.005656 1.006878 —0.001222
0.516450 0.512853 0.512923 —0.000156 1.0273 1.025197 1.025081 0.000116
0.512429 0.509051 0.508777 0.000110 1.0352 1.031458 1.031910 -0.000451
0.503591 0.499882 0.499694 0.000081 1.0524 1.046651 1.046964 —0.000313
0.498959 0.494112 0.494981 —0.000877 1.0613 1.056282 1.054828 0.001454
0.468321 0.464294 0.464289 —0.000188 1.1158 1.107009 1.107016 —0.000008
0.454475 0.450475 0.450875 —0.000423 1.1402 1.131125 1.130421 0.000705
0.454229 0.450043 0.450657 —0.000799 1.1406 1.131886 1.130804 0.001082
0.440480 0.437934 0.437684 0.000181 1.1670 1.153389 1.153836 —0.000447
0.438863 0.436681 0.436176 0.000278 1.1643 1.155634 1.156541 —0.000907
0.439375 0.437073 0.436648 0.000290 1.1661 1.154931 1.155693 —0.000762
0.424896 0.425175 0.423406 0.001619 1.1888 1.176439 1.179669 —0.003230
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Table 16. Concluded

(b) Concluded
(P/py )ave -
PrankP; ., (P/p, Jave (o, cal (P/B; cal Mtank Mave Mcal Mave ™ Mcal
0.412079 0.411580 0.411945 —0.000515 1.2086 1.201483 1.200804 0.000678
0.412555 0.412051 0.412371 —0.000450 1.2079 1.200605 1.200012 0.000594
0.399596 0.400653 0.400955 —0.000501 1.2279 1.222002 1.221429 0.000573
0.385348 0.388966 0.388420 0.000492 1.2501 1.244365 1.245420 —0.001055
0.372797 0.377251 0.377131 —0.000116 1.2714 1.267246 1.267483 —0.000237
0.360467 0.365641 0.365484 —0.000022 1.2927 1.290416 1.290734 —0.000318
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(a) 1990 calibration

Table 17. Test-Section Wall Divergence Angles for 6-ft and 8-ft CTSL

(b) 1977 calibration with test section air removal

gt IN Min for M, of—

po, deg 1.15 1.175 1.20 1.225 1.25 1.275 1.30
10 19.3 24.0 8.3 11.8 15.6 18.7 22.2
15 18.9 24.0 8.0 114 14.8 18.2 21.6
20 18.6 24.0 7.6 11.0 14.0 17.6 20.9
25 18.2 23.5 7.4 10.4 131 16.9 19.6
30 17.8 23.8 7.2 10.2 131 16.3 19.4
35 17.9 24.3 7.7 10.9 13.8 17.0 20.2
40 18.3 24.8 8.2 114 14.6 17.7 20.8
45 18.7 254 8.7 12.0 15.5 18.3 21.5
50 191 25.8 9.2 125 15.8 19.0 22.3
55 19.5 26.4 9.7 13.0 16.5 19.7 23.0
60 19.9 26.7 10.2 13.6 171 20.5 23.7
70 20.7 27.8 11.2 14.8 185 22.0 25.1

Me Slat: min
0.10 0
.825 0
.85 13
.875 2.8
.90 4.9
.925 6.5
.95 9.3
.975 12.2
.98 13.2
1.00 14.2
1.02 9.6
1.025 9.2
1.03 8.6
1.04 7.3
1.05 6.0
1.10 1.0
1.125 9.5
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Table 18. Test-Section Wall Divergence Angles for 9-ft to 21-ft CTSL From 1990 Calibrations

4t IN min for CTSL of—

M, 9 ft 10.5 ft 12 ft 15 ft 18 ft 21 ft
0.10 0 0 0 0 0 0
0.80 0 0 0 0 1.0 1.0
0.825 0 0 0 0 1.0 1.0
0.85 0 0 1.0 1.0 2.0 2.0
0.875 2.0 2.0 4.0 2.0 3.0 3.0
0.90 4.0 4.04 4.0 4.0 4.0 4.0
0.925 5.0 5.0 5.0 5.0 6.0 6.0
0.95 8.0 8.0 8.0 8.0 7.0 7.0
0.98 12.0 12.0 10.0 10.0 10.0 10.0
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Figure 4. Airstream aerodynamic characteristics of Langley 16-Foot Transonic Tunmej fol4.491 psi.
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(b) Planform of slot shape 29.

Figure 8. Concluded.
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(a) Slot shapes 1to 18.

Figure 26. Planforms of slot shapes investigated in Langley 16-Foot Transonic Tunnel.

1T



AN

Swr in.

6.0

5.5

5.0

4.5

4.0

35

3.0

2.5

2.0

15

1.0

5

0

106

Slot shape

18

————————— 19

|

1

/|
/
/,

N Y N S S e S Sy A S |

I S N S S B

108 110 112 114 116 118 120 122 124 126 128 130 132 134
TS, ft

(b) Slot shapes 18 and 19.

Figure 26. Continued.
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(c) Slot shapes 20 and 21.

Figure 26. Continued.
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(d) Slot shapes 22 and 23.

Figure 26. Continued.
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(e) Slot shapes 24 to 26.

Figure 26. Continued.
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Figure 27. Test-section Mach number distributions from left side of centerline tube.
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Figure 28. Test-section Mach number distributions from right side of centerline tube.

Run Point
14 93
12 43
12 42
12 41
14 87
14 84
12 38
11 21
16 23
14 57
11 3
12 27
14 36
1 20
14 25
12 14
10 8
11 44
11 38
13 7



6TT

13

12

11

10

A

0

128 129 130 131 132 133 134 135 136 137 138 139 140

8-ft CTSL

6-ft CTSL

L Sasa=

0-0-0-4-

&i&iﬁﬁrﬂﬁi

084
L

0=

-4-0-0-6.n0
v v

g T g O —

a

_y—
=

D—@—( ?Of

Yy

‘O—(l@ q

4
v

900900 @

P-o-@0-P- 800,

Y )._-g—’< Y

]

NN NN

N NN S NN

=

VA

/

| 4

=R—

’,/l/
>
J

!
/

TS, ft

P e DV V/FVF» om0 D ODUD DO OO

My

0.202
0.404
0.604
0.703
0.806
0.904
1.009
1111
1.205
1.295
0.202
0.404
0.604
0.703
0.806
0.904
1.009
1111
1.205
1.295

Run Point
12 43
12 4
14 84
12 38
6 23
11 3
1 20
12 14
11 44
13 7
12 43
12 4
14 84
12 38
6 23
11 3
11 20
12 14
11 44
13 7

Figure 29. Comparison of Mach number distributions from right and left sides of centerline tube.
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Figure 31. Test-section wall Mach number distributions.
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Figure 35. Variation of Mach number gradient with flat divergence for 6-ft test section from 1990 wind tunnel calibration.
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Figure 37. Mach number gradients for 1990 and 1977 wind tunnel calibrations.
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Figure 48. Test-section upflow characteristics at three tunnel stations.
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Figure 52. Wind tunnel turbulence characteristics in quiescent chamber.
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Figure 53. Test-section pressure fluctuation characteristics at three tunnel stations.



8T

5t /pt,oo ' percent

Tunnel station 130.60

0.6 ft below centerline

¢, deg

-90.0
-45.0
0.0
45.0
90.0

y > <& OO0

Tunnel station 133.60

0.6 ft below centerline

Tunnel station 136.00

0.6 ft below centerline

(b) Total-pressure fluctuations.

Figure 53. Concluded.
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Figure 58. Boundary-reflected-disturbance lengths measured in Langley 16-Foot Transonic Tunnel.
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